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A NEW RANGE OF 


Nintature’ Instruments 


%& DESIGNED TO HARMONISE WITH 
ALL MODERN ELECTRONIC EQUIPMENT 


% FIXINGS CONFORM TO ACCEPTED PRACTICE 
%& PRICES ARE HIGHLY COMPETITIVE 


For utmost reliability all ‘ENGLISH ELecTric’ miniature 
instruments have been designed with a higher-than-normal 
torque/weight ratio in combination with lower power 
consumption. All types have been successfully subjected 
to the following tests : 
RESISTANCE TO IMPACT SHOCK OF 200g 

in any plane. 
VIBRATION FATIGUE TEST—two million cycles at 
peak resonant frequency. 
OSCILLATORY TEST—up to one million operations. 


Above: 2” square moving coil voltmeter 


SPECIFICATIONS B.S. 89-1954 and other 
International Specifications. 


TYPES | MILLIWATTS 
Moving coil for D.C. applications. 
Rectifier moving coil sor 
A.F. applications. 
Thermo-couple operated moving 
coil for R.F. applications. 
SIZES ge 5 400 200 
Square: 2”, 24” and 34” nominal ili, 
F UT}, 


scale length. 
Round: 24” and 34” nominal AY “y) A Above: 3”x 4” rectangular absorption wattmeter 


scale length. 
Rectangular: 5”x 6” or 3”x 4” 


nominal case size. Left: 24” round moving coil microammeter 


Design registrations pending. una — ranges in any of the seven 
Delivery ex stock for standard ranges. 


Non-standard ranges to customer’s speci- 
fication within 21 days. 


Literature available on request to The ENGLISH ELECTRIC Company Ltd., Instrument Department, Stafford. 
' TANT TQ Whe 1’ 
1 i 
LNUbE IME 


THE ENGLISH LCLECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 
Meter, Relay and Instrument Division, Stafford 
WORKS: STAFFORD ° PRESTON ° RUGBY ° BRADFORD ° LIVERPOOL ACCRINGTON 
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The 
MASTER-SLAVE 
MANIPULATOR 
is “alive” with 

Hoffmann Bearings 


There are about 220 of them — ball journals in non-corrodible 
steel, mostly in the miniature range and mostly of the 
shielded type as shown on the drawing of the differential 
“wrist” assembly. The smallest bearing used is only 5%’ 
outside diameter. 

All pivots, pulleys and rollers are fitted with them to 
reduce frictional resistance to the 
very lowest level and by smooth 
motion combined with entire ab- 
sence of shake, to facilitate the 
exact transmission of the operator's 
movements to the slave “hands” 
within the atomic chamber. 

We have worked throughout in 
the closest collaboration with Messrs. 
Pye Ltd. of Cambridge and con- 
gratulate them on having received 
substantial orders for these Manipu- 
lators. A ready sale at home and 
abroad is anticipated. 
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ABOVE Bearing layout for the 
“Wrist’’ assembly including an 
enlarged view of one of the 
shielded ball bearings. 


LEFT Slave ‘“‘hand’’ grasps and 
pours contents of bottle. 












Illustrations shown by 
courtesy of Messrs. Pye Ltd. 
of Cambridge. 





L BEARINGS | 


— we can help you 


SMALL BALL JOUR 


Your problem too may be modern 















THE HOFFMANN MANUFACTURING CO. » CHELMSFORD, “ESSE% 
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100 kc/s to 100 Mc/s 
ON FUNDAMENTALS 
veave 10 ENGLAND 7 (Amplitude Modulated) 


type E2 


SIGNAL GENERATOR 


ruer 








— to be sure! 


The introduction of the Type “E” Series in 1946 set an 
entirely new standard in Signal Generators for the 
Service Engineer. Today, over 10,000 models are being 
used throughout the world — from Antarctica to the 
Tropics. 


Among this instrument’s outstanding features are :— 


ee 





Wide Frequency Range ............ 100 kc/s to 100 Mc/s 


Exceptionally low leakage ... less than 3 pV at 100 Mc/s 


| vcr ce SOE ws ux 


Reliable Attenuator ...... Output variable over 100 dB 
Full technical details in Leaflet No. C42 from | pV to 100 mV 
Force Output ......... providing | volt at all frequencies 





GD/69 Advance COMPONENTS LIMITED - ROEBUCK ROAD - HAINAULT - ILFORD - ESSEX - TELEPHONE: KAINAULT 4444 
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FEATURES THAT PROMPTED THE CHOICE OF 
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Here are some of the outstanding 





J. - ures that have made ‘ Pyrotenax’ 





Thermocouples the considered choice of 





the scientist and technician for such 





projects as Bradwell, Calder Hall and 





Dounreay and in ever increasing quantity 


in Thermo-instrumentation generally. 
















EASILY BENT TO SHAPE 
they are 


IMMUNE FROM THERMAL SHOCK : 
AND MECHANICAL DAMAGE Ee 


their 
*Pyrotenax’ Thermocouples are supplied with 


SMALL OVERALL DIAMETER é aie 
conductors of COpPER/CONSTANTAN with either 


permits use in restricted spaces allowing ; oe — _o¢ 
: ; : : CUPRO-NICKEL Of MILD STEEL sheath, conductors of 
simultaneous readings at different E 
points, where normally only one conventional 
type could be sited, and generally 


NO ADDITIONAL PROTECTIVE 
SHEATHING REQUIRED 
resulting in a 
RAPID RESPONSE RATE 


comparable with that of 
mercury-in-glass thermometer 





NICKEL-CHROME/NICKEL ALUMINIUM ALLOY with 
NICKEL-CHROME §TEEL sheath for high accuracy, 







high temperature applications, 








Full technical details in Publication 31/U109. 





They have a 
LONG LIFE 
but, because they are 
INEXPENSIVELY REPLACED 


they may be used at temperatures far in 
excess of those normally permitted 
for economic operation. 







PYROTENAX LIMITED 


HEBBURN-ON-TYNE 
Telephone : Hebburn 83-2244]8 








Use of the name “‘Pyrotenax”’ is exclusive to the products of this Company 
and its associates. 


LONDON : Abbey /654/5 BIRMINGHAM : Midland | 265 MANCHESTER: Blackfriars 6946 - LEEDS: Leeds 27826 GLASGOW : City 3641/2 - CARDIFF: Cardiff 23689 
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INSTANTANEOUS READOUT 


with the wide-angle side-viewing 


DIGITRON' 


The new Ericsson register tube which gives direct 


numerical display for all digital applications. 


The Digitron consists of 10 cathode assemblies 
arranged to display the numbers 0 to 9 according 
to the cathode energised. 

Number delineation takes full advantage of the 
essentially rectangular vertical cross-section of the 
glass envelope and is based on a display area of 
30 mm x I7 mm. This represents a considerable 
increase in both character size and visibility range 


over end viewing presentation. Further, by adopt- 
ing such a method of display, an unrestricted view 
of the numbers is obtained over viewing angles 
of 60° either side of tube normal without any 
distortion. 

Displayed data can be quickly assimilated without 
ambiguity by either individuals or groups at dis- 
tances up to 50 feet over a viewing arc of 120°. 


Also available and matching the DIGiITRON GR 10 G in size and clarity of readout is the DIGITRON GR 4 G fraction tube which displays **}"’, ‘*4"", “*3"" & I. 


If you would like more information about the DIGITRON TYPES 
GRIOG and GR4G or have any problems concerning digital 
display please write to: 

THE TECHNICAL SERVICES DEPT., 


ERICSSON: 





TUBE DIVISION, BEESTON, NOTTINGHAM. 


ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON W.C.2. 
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Tel HOLborn 6936. 








* DIGITRON IS AN ERICSSON TRADE MARK 
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Bellows ‘ 
technology 4 


The Drayton catalogue gives full 
technical information on the physical and 


mechanical properties of Hydroflex seamless Metal 





Bellows. Separate sections are devoted to typical designs, 
the soldering of assemblies and the prediction of 
life under various operating conditions. Your copy 


is available on application to Dept. I.P. 


HYDROFLEX 


seamless Metal Bellows ey. 


THE DRAYTON REGULATOR & INSTRUMENT CO. LTD., WEST DRAYTON, MIDDLESEX West Drayton 4012 
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PNEUTECHNIQUE 


3 automatic compound controllers give greater 
flexibility, more accurate control 


These Negretti & Zambra Compound Controllers 

fulfil the definite need in industry for flexible, accurate 

automatic control. Operating on a clean, dry air 

supply at 20 p.s.i., they make automatic control of 

industrial processes easy, rapid, and convenient. In all 
three models the various units are standardised — so 

\ a model selected for a particular application can be 
readily adapted to others. 


1 BASIC CONTROLLER : for use when manual control 
is not required. 


2 CONTROLLER : incorporating facilities for manual 
i control internally. 


3 CONTROLLER: with auto/manual test facilities 
mounted externally on a sub-panel. 










| NEGRETTI 


THE NAME THAT MEANS PRECISION ALL OVER THE WORLD 








Agents or subsidiaries in all major countries 


2 FEBRUARY 1959 


1959 





Set-up procedure is extremely simple — a particular 
advantage where it is necessary to close down the plant 
periodically, as resumption of automatic control can be 
rapidly effected. Further advantages are : 


@ NO INTERACTION BETWEEN TERMS, enabling 
the controller to embrace wider plant characteristics 
than are possible with interacting controllers. 


@® IDEAL BASIC CONTROL RESPONSE generated 
under all conditions. 


@® TRUE VALUES of Proportional Band and Integral 
and Derivative Action Times are calibrated on the 
various units. 


@ OPTIMUM PLANT CONTROL can be methodically 
and rapidly effected. 


@® TRULY CALIBRATED PLUG-IN UNITS allow 
easy replacement without re-setting and facilitate 
Servicing. 


@ EASILY CONVERTIBLE — thus a two-term 
controller may be used with either Derivative or 
Integral Unit, and three-term controller with both units. 


@ SELF-CONTAINED UNITS, compact and 
self-purging. FORCE-BALANCE PRINCIPLE of 
operation involves no levers and friction losses, the 
diaphragm assemblies giving high sensitivity. 


We will be pleased to send you a copy of our fully 
illustrated booklet No. R 35/2 on your request. 


& ZAMBRA 


Factories at Barnsbury, London, N.1 * Aylesbury, Bucks, 
Chobham, Surrey 

Head Office: 122 Regent Street, London, W.1 

Telephone: REGent 3406 
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for those demanding 
the BEST in machine control 


Warner Electric Brakes & Clutches are stepping up production, shrinking 
costs, reducing operator fatigue and saving time. 


They give lightning-fast, yet smooth cushioned stops and starts; cycle. 





reverse and index at the touch of a button and are remarkably simple and 


foolproof in use. Operation is positive and easily controlled to produce 








the exact torque required. 


° 5 . . > oo Bi-co 
Warner units occupy the minimum of shaft length, can be fitted to existing than 


machines and enable new machines to be built smaller, faster and easier to 
operate. Automatic take-up for wear completely eliminates the need 


for adjustment. 










Our Application Engineering Divi- i 
\| 

i] | 
Ul ll 







sion is ready to advise at the design 


It's PREHISTORIC 
to use any other 
control 







| 
stage of new developments or on the | i) 


conversion of existing machinery. 


Take action NOW. 










THE BRAKES AND CLUTCHES THAT 
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The more exacting the operation 


WARNER ELECTRIC 
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This Harry F. Atkins two spindle automatic Cam Milling Machine incorporates Warner 
S.F.250 clutches to actuate an indexing drum mounted with two cutters which must be 
presented successively to the work and precisely positioned. 


The Elgar Machine Co. Ltd. rw 
INI (MUU ttc ryveegqeregeenenate 


wu 


\| i I i) Mt 


| Ih iii Wl Ht Hit 


wt 
IKK 


{IKI 


| HH 








| TT I I 


i ll 


| 
| 
ll 


I 


IK 








Bi-coil and draw frame on textile equipment incorporating two S.F. 400 Warner Clutches. 
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Westool also make: A.C. & D.C. Solenoids 
Agents for the Relays. Sensing Devices and hie 
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the more the need for 


BRAKES & CLUTCHES 
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Fully automatic re-winding machine showing a Warner 825 Clutch Coupling incorporated 
in the main drive. 


The General Engineering Company (Radcliffe) Ltd. Radcliffe. 


pereeenese 





Toilet Roll Rolling and Slitting Machine. Warner 825 Clutch fitted to main drive gives 
ideal slow smooth starting characteristics for the operations involved. 


T. H. Dixon & Co. Ltd, of Letchworth 


wer 





A Warner 1000 Clutch in the main drive of this heavy matting loom provides pre- 
positioned stopping and rapid starting with safety factors hitherto unknown for this 
class of loom. 


Wilson & Longbottom Ltd. of Barnsley. 


ST. HELEN’S AUCKLAND, CO. DURHAM 
Phone: West Auckland 551/5. Grams: Solenoid, West Auckland 
Birmingham Office: 7 Newhall Street, Birmingham 3. Phone: Central 390! 


s. Air Co d are Sole Sellin 


Bes Ss ia "Ltd. 


MACHINE OPERATION 


etc. an t + 
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PRECISION SLIP RINGS AND COMMUTATORS 


|.D.M. ELECTRONICS Slip Ring and Commutator Assemblies are the product of an exclusive 
manufacturing technique (Electro Tec Patent No. 748480) that results in accuracies and performances 


unobtainable in conventional fabricated units. Rings and segments are formed by depositing hard 
silver or gold into accurately machined one-piece plastic blanks, thus eliminating accumulated toler- 
ances. Special surface finishes reduce wear and contact resistance. Extreme miniaturisation results 
in low surface speeds reducing electrical noise, friction torque and wear to a minimum. 


1.D.M. ELECTRONICS MINIATURE SLIP RINGS 
offer the ultimate in miniaturisation and reliability. Widely used for 
gyro and synchro applications, these multi-way units are constantly 
finding new applications in all branches of industry and have 
revolutionised thinking on commutation problems. 


ed 


% 
7 
b 


critical applications. 





A large assembly with 80 hard silver rings with 
silver graphite brushes. Diameter approxi- 
mately 9”. 


Life in excess of 50,000,000 revolutions make 1.D.M. ELEC- 
TRONICS SPECIAL PURPOSE SWITCHES 
AND COMMUTATORS ideal for telemetering, 


sequence control of machine tool operations, pulse generation, 
capacitor tachos, synchronous rectification and many other 
exacting applications. 


Further information may be obtained from:— 





ME i jb 


An assembly with 18 hard 24 carat gold rings and raised 
barriers. Diameter -110’, length -735” 


1.D.M. ELECTRONICS LARGE SLIP RING 
ASSEMBLIES (Dias. up to 36-0 cylindrical or flat) are widely used 
in Radar Equipment, Fire Control Systems, Test Tables and many other 
Light weight combined with rugged durability 
recommends their use in airborne applications such as Aircraft Propeller 
Control and De-icing Circuits. Low electrical noise make them ideal 
for strain gauge testing of High Speed Rotary Machinery. 





A face Commutator with 24 hard silver segments with 
rhodium flash. 
Diameter approximately |”. 


IL.D.M. ELECTRONICS LIMITED 


WHITLEY KILN, BASINGSTOKE ROAD, READING, BERKS. Telephone: Reading 82557/8 


1.D.M. Electronics Ltd., Sole Licensees in the United Kingdom. 





INSTRUMENT PRACTICE 


FEBRUARY 1959 

























~ 


> ww YA Mm i Mh 








we 


wm 1; wn @O 


SS 


ed 


sal 


rf 


aa 


ith 











Jey pirat deri 


RECORDER 


TYPE 800 
* 

Single or multi-point 
. 
Exceptional accuracy 
* 

6” Calibrated chart 
* 

Many refinements 





TEMPERATURE 








ENQUIRIES, SALES & SERVICE: 

Tyburn Road, Erdington, Birmingham, 24 
East 0276-8 
Caxton Way, Stevenage, Herts. 
Stevenage | 2110-7 | 

Representatives throughout the U.K. 
Agents in all principal countries 


TEMPERATURE & PROCESS CONTROL EQUIPMENT FOR ALL 


SECC Fee eeeeesesaeeeeeaerat 





This new Recorder is an instrument 
of the highest quality. It records any 
number of independent temperature 
points from one to six with exceptional 
accuracy. 


Special features include: chart speeds 
of ] in., 4 in. or 2 in. per hour; an 
automatic rewind-ribbon-mechanism; 
fully-compensated galvanometer; an 
entirely new scanner commutator; and 
a hinged chassis for quick, easy, 
inspection and servicing. 




















INDUSTRIES 
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THE NEW “microcon” 
PRINTED CIRCUIT CONNECTORS 


Microcon Printed Circuit Connectors are designed to meet 
the requirement for a light, compact, multi-way plug and 
socket, giving greater reliability and longer life than the edge 
connector method. Other patterns will soon be available, as 
well as the ten-way connector shown here. 


The pitch of soldering tags is suitable for a 
board punched to a standard module of 0-1”. 


Two types of plug are available—the first 
has the solder tags orientated at 90° to the 
contact blades, the second has solder tags 
that are a continuation of the blades. 


A metal cover can be fitted to either the plug 
with the straight blades or to the socket, and 
the mating unit can be supplied with wire 
retaining loops. 


The two- part diecast cover, whose inner 
surfaces are insulated against short-circuit- 
ing, allows the connections to be checked 
physically and electrically without disturbing 
the clamping of the cable. 


For polarizing purposes, when several connec- 
tors are mounted in close proximity, one or 
more contacts can be removed from each plug 
in various combinations, the corresponding 
contact in the mating socket being blanked 
off by special polarizing keys. 





Write for technical ieatiet 


illustrated are some of the 
styles available 


6 B.A. CLEARANCE HOLES 


Painton & Co. Ltd. 


KINGSTHORPE NORTHAMPTON 
Tel: 32354/7 Telegrams: ‘Ceil, Northampton’ 








PINT biel" 


Cay” 
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THERMOCOUPLE ALLOYS 
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yi Cr (plus) vis Ni- Al (minus)” 


Conforming to B.S. 1827:1952 


The Thermo-electric properties of the Nickel-Chromium/ 
Nickel-Aluminium Alloys ‘‘Ni-Cr(Plus)”’ and ‘‘Ni-Al 
(Minus)”’, are in strict conformity with those stated in 
the American National Bureau of Standards Circular 
561, and British Standard Institution Reference Tables 
for Thermocouples, B.S. 1827:1952. 


For Compensating Cables and Extension Leads in Civil ‘ 
and Military Aircraft, ‘‘Ni-Cr(Plus)’’/‘*Ni-Al(Minus)”’ 
Wires have Ministry of Supply (Air) type approval, for 
Cables manufactured to Specifications EL. 1705 and 1632. 





LOW TEMPERATURE THERMOCOUPLE WIRES:— | 


CONSTANTAN v PURE IRON 
CONSTANTAN v H.C. COPPER 


We manufacture a special quality of Thermocouple iron 
and are able to supply matched wires in the Iron v 
Constantan combination to meet customers’ varied 
Thermal-EMF requirements. Furthermore, and of 
infinitely greater importance, we are able to guarantee 
the reproducibility of those thermo-electric properties. 





When ordering Compensating Leads from your usual 
supplier, for greater accuracy specify : ‘“Thermocouple 
Wires made by A. C. Scott & Co. Ltd., preferred’. 


Be, 
1S s! 
‘ Roundthorn, ;Wythenshawe,:.Manchester 230 
ait Tel: WY Thenshawe 5333/8" ':' Grama: Ctomaley, Mankierter” 
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Nylon work wear saves money not only on a cost-for-life basis but also indirectly 
by reducing running costs, and by increasing efficiency all round. Overalls, Clean 
Area Suits, Bib and Brace, Boiler Suits, Warehouse Coats—all are available now 


in nylon. All have these important advantages :— 


Easy laundering Lint-free Better hygiene 
Shrink-proof Longer, smarter wear _ Light and comfortable 


Nylon WORK WEAR — for further information, please write to B 


BRITISH NYLON SPINNERS LIMITED, ([Nylon 


68 Knightsbridge, London, S.W.1. Ss 
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Control flow 
with confidence 


by using 


EVERSHED 
FLOW 
TRANSMITTER 








The ER.125 is not only designed for the accurate 
measurement and control of flow or differential 
pressures, but also to give reliable service under the 
most exacting conditions. Suitable for oil, viscous 
or corrosive fluids, water, steam or gases, 


the ER.125 can be supplied with: 


Ranges 0-5” to 0-50” W.G. 
0-20” to 0-200” W.G. 


Maximum working pressures 1,000 p.s.i. 
1444/69, /74 **Fluon” coated glass cloth or reinforced 
““Neoprene” diaphragms. 
Output current proportional to flow or differential 
pressures : 
serves industry 0-15 milliamps D.C. 
0-30 milliamps D.C. 


This transmitter is intrinsically safe for petroleum 
vapours and hydrogen. 


Publication IG/SS.1 sent on request. 


INSTRUMENTATION AND CONTROLS DIVISION 
EVERSHED & VIGNOLES LTD - ACTON LANE WORKS - CHISWICK - W.4 








Telephone: Chiswick 3670 Telegrams: Megger, London, Telex 
7/97 
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© Designed for 


Give your packers 
an extra hand! 








PRESS-BUTTON 
GUMSTRIP reco. 
DISPENSER 


@ SAVES TAPE 


CONTROL 








rapid sealing 
of heavy bales, 
cartons and 
containers 
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THE HIGH SPEED 


@ SAVES’ FATIGUE 
IN PACKING 


BY 


PRE-SET LENGTHS 


© AUTOMATIC 
MOISTENING 


@ MORE PARCELS 
PACKED PER DAY 


Send for the illustrated leaflet or ask for @ 
e 
free demonstration in your packing department. 
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SPECTRUM ANALYSIS 


SPECTRUM ANALYSER TYPE 190 





The Spectrum Analyser Type 190 is employed 
to analyse the spectrum of a signal in the 
frequency range 1-90 kc/s. | Characteristic 
features of this instrument are its high resolu- 
tion, with a minimum bandwidth of 70 c/s with 
the response more than 50 dB down at 
150 c/s removed from the centre frequency, 
high threshold sensitivity which is of the order 
of a fraction of a microvolt, and panoramic 











D displays. 
After amplification, the signal is fed to a 
GUE broadband mixer supplied with reference 
NG signal from a heterodyne oscillator sweeping 
either manually or automatically through the 
range I01-190 kc/s. The lower sideband of 
BY the signal is accepted by a filter centred on 
THS 100 ke/s and having a fixed bandwidth of 
either 70 c/s or | kc/s. 
1c 
NG 
Alternative panoramic spectrum display or accurate indication of signal power on a 
thermocouple milliammeter is provided. Input signal components from 0:1 volt to 
less than | microvolt rms in a 70 c/s band can be measured with an accuracy of +1! dB. 
ELS | 
DAY | 
JAMES SCOTT & CO. (Electrical Engineers) LTD. 
sk fora — 


rtment. | Manufacturing & Electronics Division 


CARNTYNE INDUSTRIAL ESTATE, GLASGOW, E.2 


Telephone: SHETTLESTON 4206-9 


FEBRUARY 1959 INSTRUMENT PRACTICE 145 





B 









Circle 19 for further information 


ROCOL 
ANTI-SCUFFING 
SPRAY 


applies the new 
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MOLYBDENUM DISULPHIDE 
dry lubricant 


This speedy, convenient method of 
application is invaluable for ‘on the spot’ 
attention, where parts cannot be 
segregated for special treatment. 
Strongly recommended to Service and ; 
Maintenance Engineers, Machine and ' 
Plant Operators, this method of 
application is ideally suited for 
assembly and replenishment of dry 
lubricating films. Excellent for use on 


te 
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SS 
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engines, open bearings and chains 
working in extreme temperatures; 
on slides, runways, moulds, dies and 





all press working tools. 








THE AEROSOL PACK 
of 120z. capacity is avalliabie now. : 
(Single packs 25/- each; 3 doz. packs 24'- each; 
1 gross 23/- each). Full instructions for use are 
printed on each pack. : 


be. 





Peers 





x. 


PIRODUCT 
















Write for descriptive leaflet to:— 


ROCOL LIMITED 


IBEX HOUSE - MINORIES - LONDON E.C.3 - "PHONE ROYAL 4372 - ROCOL HOUSE * SWILLINGTON - LEEDS : ’PHONE GARFORTH 2261/2 
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CONTROL PROBLEMS ? 


FOR SIMPLE SOLUTION OF YOUR 
CONTROL PROBLEMS INSTALL THE 
El!8 CONTROLLER 























INPUTS 


THERMO-COUPLES, TELECOILS, 
RESISTANCE-ELEMENTS, 


OR ANY OTHER SUITABLE SOURCE 





APPLICATIONS 


FURNACE CONTROL, 
PLASTIC EXTRUSION, 
TYRE MANUFACTURE, 

DYE & SOLDER BATH PROCESSES 

MILK PASTEURISING CONTROL, | 

IMPREGNATING PROCESSES, 
RESIN KETTLE CONTROL 








... AND OBTAIN ACCURATE CONTROL AT LOW COST 


A small vane, mounted on the pointer of an 8-inch edgewise Fully transistorised circuit gives utmost reliability 


indicator, interrupts a light beam directed on to a photo- 
transistor when the pointer reaches the control set point. 
This results in operation of large capacity relay contacts. 


The set point may be varied over the indicated range by 





adjustment of a front panel control. 


E Please send for leaflet (E) E51-9 


PURLEY WAY CROYDON SURREY 


2261/2 


BAILEY METERS & CONTROLS LTD. 


TEL: CROYDON 4i9!I 


INSTRUMENTS AND CONTROL SYSTEMS FOR THE POWER AND PROCESS INDUSTRIES 


High accuracy and stability 
Simple to maintain 
All controls on the front panel 


Automatic protection against thermo- 
couple failure 


Screwdriver adjustment of thermo-couple 
lead resistance 
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ALL READERS OF 


are cordially invited to visit 


“INSTRUMENT PRACTICE” 








THE EIGHTH NATIONAL 


ELECTRICAL 
ENGINEERS 


EXHIBITION 


(A.S.E.E.) 


Earls Court - 
17th - 21st March, 1959 


London 


OVER 430 EXHIBITORS 


£2,000,000 WORTH OF EQUIPMENT IN 450,000 SQUARE FEET OF DISPLAY AREA 


Special Features: Instruments, Illumination, 


Latest 40-ton Diesel Electric Engine, 


Automated spectacle of sound, light and movement 


THE WORLD’S LARGEST ELECTRIC CLOCK 


iii: el 











ETI 


eile 





Admission Free by trade card, any allied association’s membership card, or by invitation from 
MUSEUM HOUSE, MUSEUM STREET, LONDON, W.C.1 
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OMI projection pantometers 


for rapid, 
accurate checking 
of turbine blades 


and 3D contours 





STANDARD MODEL 


Developed for production department inspection of turbine 
blade sections and their reiztionship to angular position and 
alignment with biade root, this instrurnent has a capacity 
for blades up te 16” long by 3” wide and 1” thick. 
Magnification of the optical system is 30x. 








MODEL E 


Of identical capacity to the standard model, this 

instrument is designed for checking experimental and similar 
work requiring frequent changes in blade profile and provides 
a magnification of 10x on a 24” x 12” screen. 





MODEL O.R. 1500 


This large capacity pantometer, accommodating blades 

up to 24” in length, 6” chordal width and 2” thick, provides 
means for checking contour and size of any predetermined section 
together with section displacement and twist. Principal operational 
movements are power controlled to reduce inspection time. 


: 
& 
f 


a 





Precision products of 
OPTICAL MEASURING TOOLS LIMITED 
MAIDENHEAD 


Full details on request to 


"| NEWALL GROUP SALES LTD 


a PETERBOROUGH TELEPHONE 3227 
: MAIDENHEAD TELEPHONE 3704 
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Special 


CONTROL VALVES 






















for special applications 


In addition to the Mason Neilan globe type valves we have 
available other types of Control Valves for more 
specialised applications involved in process control. 





Illustrated, left, is one example: type 777 Mason Neilan 
diaphragm operated Angle Valve, a single-seated type 
giving a tight shut-off: it is used in varying conditions 
involving solids in suspension or other erosive applications 
or where flashing conditions are to be kept to a 
minimum. Split body construction facilitates easy 

and rapid maintenance of this valve. 














Segh enter 















Illustration above shows a special 
stainless steel Angle Valve supplied for 
throttling service on very low 
temperature oxygen gas application: 
Among other special features it is fitted 








i. eee see 






THE CROSBY VALVE & ENGINEERING CO. LTD. with extension bonnet and warming 
fins to prevent loss of “cold” and to 
CROSBY WORKS, EALING ROAD, WEMBLEY, MIDDLESEX prevent icing at the gland. 







Alperton 2311 
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ES 


AVO INSTRUMENTATION 


ns 
we have ° 
D.C. Amplifiers 
al. 
ellan Radiation Monitors 
ype i 
all Valve Voltmeters 
: | Multi-range Testmeters 


8 


Valve Testers 


and other electronic and 
nucleonic instruments. 










4rn ys Sew 
PAN VAD) LTD _AVOCET HOUSE 92-96 VAUXHALL BRIDGE ROAD - LONDON 5.W.1 


Telephone: ViCtoria 3404 (IZ lines 


— manufacturers of Electronic Instruments since 1923 


CHWA}II 
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Save Fanel Snace 


SYDNEY SMITH 
FLAT-FACE EDGEWI/SE 


PRESSORE 
GAUGES | 


“* GRASSHOPPER ” PATENT : 
Size 8” in accordance with B.S.S. 1780-1951. 





































The TWELVE Edgewise Gauges in the panel 
above occupy approximately HALF THE SPACE 
of the ELEVEN conventional dial type. 


eg eee 


| 

| 
| ; 
| Being 

| 
Flat-Faced : 
: there 
| is no 

| Glint 
| 7 
| 

| 

| 

| 

| 





SYDNEY SMITH & SONS 


(NOTTINGHAM) LTD., ; BASFORD WORKS, : NOTTINGHAM 
TELEPHONE: 75031/3 GRAMS: ‘* SMITH’S, NOTTINGHAM.”* 


THE OLDEST PRESSURE GAUGE MAKERS IN THE WORLD 





London Office: WHITT & CHAMBERS Ltd. 6 Lygon Place S.W.I 


PHONE: SLOANE 7294/5 GRAMS: WHITCHAM SOWEST, LONDON : 
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W. 7001 FEED-THROUGHS 


J) 


lpi 


¢ 
G 


Tue FIRST OF A 

group of insulated feed-throughs, 

this item is in alkyd (of course) 

which gives it considerably higher insulation 
without any increase in size. 

Low priced and quickly fitted, 

available NOW. 


CLARWIUIN ENGINEERS LTD 


RODNEY ROAD - PORTSMOUTH - HAMPSHIRE Tel. Portsmouth 35555 (4 lines). 
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Widney Dorlec introduce new com- 
ponents for the rapid mounting of 
standard equipment panels. This 
economical scheme is fully inter- 
changeable with orthodox equipment 
and yet avoids the expense of 
accurately tapped holes. 














Digitized 
Analysis 


We have applied our digitizing techniques to 
the Medium direct-reading spectrograph, and 
the result is not only an interesting application 
of digitizing techniques, but a greatly im- 
proved method of presenting the results of 
spectrochemical analyses. The typewriter is a 
modified IBM machine, and tabulates the 
results of analyses automatically. The figures 
representing the concentrations of the 
elements are printed in columns, each element 
always appearing in the same column. 


























Digitizing can be applied, of course, to a 
great many problems involving the trans- 
mission, processing, and display of informa- 
tion. 





FOR FURTHER 
INFORMATION 
PLEASE USE THE 
**READERS’ REPLY 
SERVICE” OR 
WRITE DIRECT 
TO: 


If you have a problem of this nature, 
write to us for catalogue CT109/a22 











98 ST PANCRAS WAY, LONDON, NWI é SALES OFFICE : 








Maidenhead, Berks. (Phone: Maidenhead 4311) 
Manufactured by: 


HALLAM, SLEIGH & CHESTON LTD. 


WIDNEY WORKS - BIRMINGHAM 4° ENGLAND 
Telephone: Aston Cross 09/4. Telegrams: Superfine, Birmingham. 
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Apvisep to make our advertisement arresting, we — style of on ate borner 
i . . nslias 4 xe) :) it, co te W osk- > 
chose our headline from three control knobs on a eat rarer pe ead pte 
sequence controller which we make for a manufacturer chassis, contactors, and external alarm 
of Foundry Equipment. bell. embodying one of the Elcontrol 
flame failure and ignition programming 
arrangements for an_ industrial gas 
burning unit. 

These are examples of the special con- 
trol panels which we design and produce 
for machine manufacturers and users 
who wish to have a neat, completely 
wired self-contained sequence controller 
to give the particular duty required. 
The advantages of using this 
Elcontrol service are: 

, 1. Control scheme designed and 
The “Jolt-Squeeze-Vibrate” part of it is what is done to produced as a single project. 

moulding san1 for predetermined periods in correct sequence in ;: ale 
automatic moulding, and we illustrate the control panel and 2. One supplier responsible for all 
——— control cabinet which we have designed specially for details. 
this application. - 

3. External wiring reduced to a 
minimum. 


4. Reduced cost. 





TRADE sank Enquiries for special control units are welcomed. 


__ELCONTROL WILBURY WAY - HITCHIN - HERTS - tel. HITCHIN 2411 


OORERNEESS = SRRER Kd 
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Potentiometry ... 


by FOX 


Potentiometry is, in a word, the art and craft of pro- 
ducing the best potentiometers—and that means Fox- 
Pots. 


Whatever your requirements in variable potentio- 
meters, there is a Fox-Pot, toroidal or helical, standard 
or special, to meet it. 


For the latest technical information on the range of 
Fox-Pots, send for one 
of these invaluable cata- 
logues. 


To give prompt and 
personal service we have 
opened a London office 
at 104 Chislehurst Road, 
Orpington, Kent. Tel. : 
Orpington 21031. 





P. X. Fox Ltd., Dept. 213, Hawksworth Road, 
Horsforth, Yorkshire. Tel.: Horsforth 2831/2 
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Pees sogte Tv 
rats dart 


Today’s rapid increase in the speeds of 





Guided Missiles, Aircraft and various 
types of machinery has made the 
Engineer acutely aware of vibration. 


Full scale testing is often expensive, 
though ultimately necessary, yet it is 
possible to assimilate the conditions 
under which parts will work by inducing 
controlled vibration and modifications 
can then be made at the design stage. 
In this field, W. Bryan Savage Ltd. 
have been actively engaged for the past 
twenty years and’are one of the 

leaders in the manufacture of Power 
Amplifiers and Vibrators. 


* If you have any problems regarding vibration, consult 
our Technical Dept. 


W. BRYAN SAVAGE LTD 


designers and manufacturers of vibrators for industry 
17 STRATTON STREET, LONDON, W.I 


Telephone Grosvenor 1926 
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This & IMHOFS news FORCED VENTILATION RAK" 
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Here’s the latest addition to the Imhof standard range 


a specially- 


designed enclosed rak with effective forced ventilation. Its successful 
secret is a powerful blower unit which, combined with the semi- 
sealing of all doors, ensures efficient economical cooling. Imbhofs 
Forced Ventilation raks are available in heights of 4’, 5’, 6’ and 7’ 
(alternative panel sizes and depths to each height) and can be 
supplied in any quantity within 7 days—complete with the acces- 
sories of your choice. Write now for descriptive literature. 


IMHOFS STANDARD RAKS CUT YOUR COSTS-SAVE YOU TIME 


See us on Stand XI7 at the 

Electrical Engineers ASEE Ex- 

hibition, Earls Court, March 
17th—2Ist. 


In 4 standard heghts 


IMHOFS 


, 
Imhof standard raks are available in 29 different sizes, with one or more 
bays as required. Precision built from fine materials, beautifully designed 
; and finished, they can be supplied in any quantity ex stock in 7 days. 
: Generous discounts for large orders. Comprehensive catalogue free on 
request : just phone, or write on your company’s letterheading. 
591P ; 
: 
159 ALFRED IMHOF LIMITED Dept.H2Ashley Works Cowley Mill Road Uxbridge Middx Tel: UX5- 6231 


Tel : MUSeum 7878 


112/116 New Oxford Street WC1 


“LGB RS Export & London Showrooms : 
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3-WAY & 4-WAY SOLENOID 


operateD VALVES 


. . . . DESIGNED FOR USE 
WITH AIR CYLINDERS 


MIDGET 3-WAY SOLENOID 
VALVE, TYPE AC30. 

For use on air up to 150 p.s.i. 
and port sizes to ; in. diameter 
screwed { in. B.S.P. used for 
























controlling air-operated cylin- MIDGET 4-WAY SOLENOID VALVE 
ders and diaphragms with TYPE AC40. 
spring return. For use on air up to 150 p.s.i. Port sizes up to 


% in. screwed { in. B.S.P. used to control double 


%* Write for illustrated fiterature acting air-operated cylinders and diaphragms. 


ALEXANDER CONTROLS LTD. 


Reddicap Hill, Sutton Coldfield, Warwickshire. Phone: SUTton Coldfield 5227-8-9 











POWER ENGINEERS FOR OVER FIFTY YEARS 






Instrument \ 
Installations 


We specialise in Pneumatic and Electrical 
Site Instzllations at Competitive Prices. 


Control Panels designed to individual 
requirements complete with wiring and 
pipework. 





Before placing your next instrumentation 
contract, Consult Us. 


IT WILL PAY YOU. | eae Pris Tite 


BLS ne 


MALCOLM & ALLAN LTD. 


499 EGLINTON STREET, GLASGOW, C.5 
‘Grams: Rheostat, Glasgow. bison salah South 3543 (4 mand 
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B.B.C. TELEVISION 
RIVERSIDE STUDIO NO I, LONDé-N. 
Supervisor cferating Strand Electric 


J 2 D _ ) 
lighting control incorporating the Carpenter Polarized Relay Photograph by courtesy 


of the B.B.C. 


TELEVISION LOOKS to the Carpenter Polarized Relay 


Television viewers are fascinated by the endless variety of 
information and entertainment efficiently presented. 
Behind the scenes some of the wonders are worked by push- 
button operated devices incorporating the Carpenter 
Polarized Relay. 

One such device is the Strand Electric Console-Preset Light 
Control. Its dimmer servo system depends on the sensitivity 
and reliability of the Carpenter Polarized Relay to meet 
every demand with unrelenting efficiency. 

i Carpenter Polarized Relays are used throughout the world 
for Control, Amplification, Impulse Repetition, Switching 
etc., etc. 

If you have a problem please consult us. Our team of 
engineers will be happy to discuss it with you. 





Please write or telephone for details and technical data. 


| TMC CARPENTER POLARIZED RELAYS 





TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division - Hollingsworth Works - London SE21 
Telephone: GiPsy Hill 2211 
















FEBRUARY 1959 INSTRUMENT PRACTICE _ 





Circle 36 for further information 


VACUUM METALLURGY +» TELCON METALS 





SOFT MAGNETIC ALLOYS VA MUMETAL 

High permeability Nickel SUPERMUMETAL 

Iron Alloys for cores RADIOMETAL 
pieced e SPECIAL 

and laminations. RADIOMETAL 


u RHOMETAL 
High permeability Cobalt- “ug 

Vanadium Iron Alloy with 
high saturation for 











lightweight generators, nen 
ultra-sonic generators 

and vibration test gear. BK 

Rectangular hysteresis 

Loop Nickel-Iron Alloy HCR ALLOY 
for magnetic amplifiers 

and reactors. 

High-speed switching 

alloy for computors H.S. ALLOY 
and magnetic amplifiers. 

DUCTILE HARD VICALLOY 


MAGNETIC ALLOY Permanent magnet 
alloy of ductile 
and machinable 
quality. 


Cobalt-Iron- 
Vanadium Alloy. 


Most alloys available in strip, rod, bar and wire. 


BERYLLIUM COPPER to Specification DTD 900 
2%, Beryllium Alloy, for Springs, Fuse Clips, 
Contacts, Meter Pointers and Valve Clips. 


(Beryllium Copper Alloys of other compositions are available for special requirements). 


CU BE250 
High tensile strength 
and fatigue resistanc 








SUPER PURE BASIC METALS & ALLOYS FOR THE INSTRUMENT, ELECTRONIC & AIRCRAFT INDUSTRIES, 
NICKEL, COPPER, IRON, MANGANESE COPPER, BERYLLIUM COPPER & MAGNETIC ALLOYS 


D4 





56lb. High Vacuum High Temperature Coreless Induction 


Melting Furnace for experimental work. 


TELCON THERMOSTATIC BIMETALS 

in various grades for instrument protection, and 
compensation —over!oad protection of motors, 
synchros and similar electrical devices. 


THE TELEGRAPH GONSTRUCTION 
& MAINTENANCE CO. LTD. 


Metals Division : Telcon Works, Crawley, Sussex 
Tel: Crawley 1560 

















For highest efficiency from pneumatic instruments 


Norgren equipment gives you highest efficiency and reliability from pneumatic instruments. Air line Filters 
keep the air clean, dry and free from impurities, Pressure Regulators ensure a steady and correct working 


pressure for the instruments, The Norgren range covers all requirements — write or phone for full details. 








FILTERS 
PRESSURE REGULATORS 
LUBRICATORS 








. NORGREN LTD., SHIPSTON-ON-STOUR, WARWICKSHIRE Telephone : Shipston-on-Stour 110 & 106 
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Scientific Means 


The Metropolitan-Vickers Range of Scientific 
Equipments includes apparatus for the investigation of 
metallurgical, chemical and biological problems in 
research, production or processing. These equipments 


cover a wide selection of specialised scientific apparatus. 


to Scientific Ends 
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METROPOLITAN -VICKERS 


LECTRICAL CO LTD TRAFFORD PARK MANCHESTER 








An A.E.1. Company 
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MASS SPECTROMETER TYPE MS5 An instrument specially 
designed for the measurement of isotope ratios of inor- 
ganic solids by the surface ionisation technique. 


ANALYSIS OF PLUTONIUM 














= 239 | 240 | 241 | a2 | 
ABUNDANCE | 27-20 | 23-10] 49-60 0-072) 
STANDARD 
DEVIATION | 0-25 | 0-30 | — | 0-007 























Tabulated results and traces from sample of 

approximately 10-8 grams of plutonium nitrate, 

using the triple filament technique and the multi- 

plier detector. The standard deviation quoted is 1 
taken on 10 measurements. 


Let us look into your problem. Experts of 
our Advisory Service can almost certainly 
help you with problems of scientific invest- 
igation in any of the fields mentioned below. 


ELECTRON MICROSCOPY 
MASS SPECTROMETRY 
CRYSTALLOGRAPHY 
RADIOGRAPHY 
MICRO-ANALYSIS 
MATERIALS IRRADIATION 
HIGH VACUUM ENGINEERING 









N/R806 
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AUTOMATIC CORRECTION 


—with the type 
TCVR voltage regulator 


The TCVR is a servomechanical automatic voltage 
regulator having the very high speed of correction of 
FORTY VOLTS PER SECOND. It provides an 
undistorted output, maintained constant within very 
close limits (normally +0.5%) from no-load to full- 
load, for wide variations in frequency and power factor. 















Type TCVR-7000, 
Rack-mounting 
version, 
























A wide range of models from 1.6 to 12 kVA single- 


phase, and 4.8 to 36 kVA three-phase. is available, Other products of Claude Lyons Ltd. Stabiliser Division 
to standard or tropical specification, in cabinets or for 
rack-mounting. Models are also available in which BMVR: Motor-driven laboratory and industrial regulators ranging from 1-6 to 29 kVA 
= a single-phase, and 4-8 to 87 kVA three-phase. Constancy of output normally + 0-5°,, 
the output voltage is continuously adjustable over a from no-load to full-load. No distortion. Speed of correction | Volt/Sec. A great : 
wide range by means of a panel control. Regulators variety of models, standard, tropical and militarised, for all applications. 
can be supplied to Services’ specification, and special BAVR: Electronic stabilisers of very high accuracy, and very rapid response, with no 


models can be designed to order. moving parts. Input range: - 10% to 5°,, Output constancy + 0.15%. Three sizes 
: Sait : 200, 500 & 1000 VA. Exceptionally useful for control of chemical processes, heating, 
For high-speed, accurate stabilisation without lighting, etc. 


distortion—specify TCVR. 


Claude Lyons Mtd. & 


ASR: Automatic step regulators, small, inexpensive, and with sinusoidal output waveform. 
Two sizes : 1-15 kVA and 2:3 kVA. Input range - 10% to 5%; output constancy, + 24%. 








ATC: Automatic Tap-Changing Transformers —a development of ASR. Two sizes: 
575 VA and 1150 VA. Input range 20", to 10°, : output constancy, ; 5°. Provide 
adequate stabilisation for many types of apparatus, at low cost. Also useful as pre- 
regulators, e.g. in conjunction with BAVR. 


We shall be pleased to send you full details of our entire range. 








Stabiliser Division VALLEY WORKS * HODDESDON : HERTS: TELEPHONE HODdesdon 3007-8-9 


CL/47/E28 











PRE NTEALE SERS CAPE TEL LORE SEIS EN BAI rea: 


You can't gauge a 


SSPE MELAS SAIS 


OPENS NE GUE LEI LL ROS 


camel... 











SES RT 






by its hump—or from the 

expression on its face for that 
matter. But one glance ataP & G 
pressure gauge reveals an instrument 
of quality, made by craftsmen 

to ensure accuracy and dependability 
for a very long time. This is no 
mirage—see one for yourself. 















The range of P & G pressure gauges 
includes many different types to 
suit most applications—vacuum, 

combined, altitude, electric contact, 
differential, critical, duplex, 
diaphragm, capsule, etc. 

















Write for Publication No. 74 









TUDOR WORKS - WINDMILL LANE 
SMETHWICK =: BIRMINGHAM 
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DIAPHRAGM MOTOR VALVES 


... for automatic control 
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Sensitive response to controller output, plus out- 
standing durability in service, are amongst the features that 


have made the Hammel-Dahl valve a favoured type for automatic control systems. 





In designs, sizes, body and trim materials, plug forms and operating characteristics, 


i 
the range provides a full choice of standard and special equipment for accurate matching to any 
process conditions. For further information, write for list 224. 
a | The examples illustrated are (left) an 8 in. Series B3000 globe valve, with cast steel body and stellited faces, and 
: fitted with quick-acting positioner ; (right) } in. series B7000 Barstock angle valve 


with stainless steel body and stellited stainless steel 


train, for control of spray water to desuperheater 
a BLAKEBOROUGH 


nozzles (Z600 psi at 500° F). 





) BLAKEBOROUGH & SONS LTO... BRIGHOUSE, ENGLAND 


ndh) 860 
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PYROMETER 
CONTROLLER 
costs onty £ 29 


%* NO ELECTRONIC COMPONENTS 
%* NO TRANSISTORS 








% NO LENSES * NO REFLECTORS 


ee ae eee 


Will control with a differential of ‘25 of 1% over all 
thermo couple ranges to 1600°C or 3000°F. Control is 
adjustable over the full range. Scale 4”. Panel Cut out 
5#” x 54”. Rating 5 amps @ 230V. Ask for Brochure ZS. 





ert 22 UE NNR 


Patent applied for. 





COLEY THERMOMETERS LIMITED - 2-4 LONDON ROAD -: BRENTFORD -: MIDDLESEX 
Telephone: EALing 4232. Telegrams: BRYCO, BRENTFORD. 


FLAMEPROOF 
PRESSURE SWITCH 


now approved for group | also. 








ie a 


Designed to meet the requirements of BSS 299 for operation in hazardous 
atmospheres, and incorporates a stainless steel pressure element. 

Fully approved by the Ministry of Fuel and Power for Groups 1, 2 and 3 
gases, and carries Buxton Certificates No. FLP 3369 and 4081. 

Pressure ranges for Type SP-1027 from 0-20 p.s.i. to maximum 300 p.s.i. 





Other Buxton Certified Flameproof Pressure Switches available for ranges 
30” w.g. to 4,500 p.s.i. and 0-30" Hg. vacuum. 


In association with Stow & Partners Ltd. - 
at TVV>p “fe 


CRAWLEY 4 


“ 

a 4 
- _ 
« 
- 7 
v v 





Full details and specifications of the complete 
K.D.G. range are readily available from: 


i ee a ee 


K.D.G. INSTRUMENTS LTD. Bing 
MANOR ROYAL, CRAWLEY, SUSSEX - Crawley 25151 


London Showrooms, Service and Sales: 100 Fleet Street, E.C.4 Tel.: FLEet Street 5354/5 
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THE BRYANS 


VOLTAGE CONTROLLER 


CATALOGUE No. 1/848 


A compact portable instrument giving a variable output 


between 0-270 volts A.C. from an input of 230 volts A.C. 


For further details write to:- 


BRYANS AEROQUIPMENT LIMITED 


Specialists in precision measurement of pressure, temperature 
and speed. Design and production facilities available for test 
equipment and multiple panel building including electrical 
and electronic work. 


WILLOW LANE MITCHAM JUNCTION SURREY TELEPHONE: MITCHAM 5134 (5 LINES) 
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for the really awkward job 





. when pipe-line systems 
are so complicated that 
ordinary couplings are quite 
useless, call in Simplifix. 

We make non-standard 
fittings of all kinds, 
tailored to specific 
requirements 





Our Service Department 
has had such a wide 
experience of 

individual problems 

in this field, that it 

can certainly 

solve yours, 











SIMPLIFIX COUPLINGS LTD., Hargrave Road, 
Maidenhead, Berks. Tel: Maidenhead 5100 (10 lines) 


Regd. 
Trade 
Mark 














a eel cO. LTD 


TYPE MARK E.!2 


Moment of inertiaof relay armature 3°8 10°7 slug fe2 

Stiffness factor of relay armature 0-196 Ib.ft/radian 

Damping factor of the relay | 10-4 Ib.fc 
armature rad sec 

Torque constant of the relay 102 Ib.ft,amp 


14°3 volts rad sec 
Solventiess varnish 


Back E.M.F. constant of the relay 
Coil impregnation 


TYPE MARK €.13 

A new development which has an almost identical per- 
formance to the Mark E.12, but is designed as a split 
pole piece assembly and a bobbin type coil which is a 
separately encapsulated assembly. This unit is offered 
as being climatically superior 


TYPE MARK E./4 
Constructionally as Mark 
E.12 but windings are on 
a special type core and 
this unit has a torque of 
27 inch amps at 10 mA 







co. LTD. 
are prowd te 
bere beer 
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TYPICAL FEATURES AND PERFORMANCE DETAILS OF WODEN RANGE OF TORQUE MOTORS 


TYPE MARK E.16 This is a solventiess varnish impreg- 
nated design giving the following performance. 

Standard coil resistance ,000 ohms 

Inductance of windings Not less than IOH at 750 ~ 


Insulation Not less than 20 megohms at 
500 volts 
Flash Test 1,000 volts 50 cycles between 


windings and poles 

Not less than 4 either side 
of natural centre 

Not more than 7 mA for 850 


Angular Movement 


Deflexion Current, 


Full Torque Output gm/cms 
Deflexion Current, Not more than | mA for 4 
Zero Torque Output movement 


Dead Sector Not more than 10% of 
Angular Movement 
Resonant Frequency Approximately 400 cycles 
TYPE MARK €E.20 
This is a larger unit weighing 4 Ib. 3 oz. 
Size 43° 4” ~ 4 and giving che following figures:— 
Linear torque output 120 mA max. for 96 oz/inch 
Angular Movemenc +7 natural centre 
Resistance 630 ohms per side 
Inductance 700 MH (unmagnetized) 
Coil impregnation Solventiess varnish 


Illustrated is the TYPE T.M.12 which can be used as 
an actuator convertor between electronic Servo or 
magnetic amplifiers and hydraulic, pneumatic or direct 
mechanical linkages. 


FORMER CO.LTD 


MOXMLEY 
BILSTON STAFFS 


BILSTON 4268) 


Phone 
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this 
is 
the 


GILBARCO 
Firth Cleveland 


The Gilbarco Gauge is a highly accurate 
electronic instrument for indicating liquid level in 
deep tanks. Here are a few of its advantages :— 


» It can be installed in tanks of all types to 
indicate liquid level or the interface 
between two liquids. 


7 It gives continuous readings of liquid level 
(regardless of specific gravity) to within a few 
thousandths of an inch of height—a feature of 
particular importance for tanks 

with large surface areas. 





a It provides local and remote indication 
with a signal to operate data reduction or 
logging equipment if required. 


It is suitable for operation in hazardous 
areas and in extremes of temperature. 





a In multiple storage tank installations 
one remote indicator can be arranged to 
display the contents, in turn, of up to 50 tanks. 











Routine maintenance can be readily 
performed without taking the tank out of service. 


Gilbarco Gauges of our production will 
shortly be available to Buxton flame-proof 
requirements or to American Class 1, 
Group D, Division 1 classification 











Made under licence to Gilbert and Barker Mfg. Co. U.S.A For full details write to: 


FIRTH CLEVELAND INSTRUMENTS LTD 


TREFOREST - PONTYPRIDD - GLAMORGAN A MEMBER OF THE FIRTH CLEVELAND GROUP 


Branches Birmingham, Manchester, Glasgow, Stockholm, Copenhagen, Ballarat, Sydney, Johannesburg. Naarden. Milan and New York. aoe 
CRC 23 
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BI-METAL - MERCURY-in-STEEL é 
VAPOUR PRESSURE : LABORATORIES 
VISIT STAND No. 14 at the Engineering, Marine Welding and Nuclear Power Exhibition, Olympia, 16-30th April, 59 


THE BRITISH ROTOTHERM CO. LTD., Merton Abbey, London, S.W.19. Tel. LiBerty 766l. 














For unprecedented performance and versatility 


Marconi Instruments, renowned for more than 20 years as designers and 
manufacturers of electronic measuring equipment, provide a balanced and 
comprehensive range of instruments to answer the widest variety of voltage 
measuring problems. The TF 1041B is the latest addition to this range —a 
versatile, precision voltmeter offering an unprecedented performance in the 
measurement of a.c. voltage, d.c. voltage, and resistance. 

For a.c. measurement the frequency range extends from 20 c/s to 1,500 Mc/s 
and the voltage range from 25 mV to 300 volts; input capacitance is only 
1.5 uuF and input resistance is 0.5 MQ at 10 Mc/s. 

The d.c. measurement range is 10 mV to 1,000 volts and input impedance is 
100 MQ; the meter can be switched to give forward deflection for positive 
or negative voltages, or to allow centre-zero measurements. 

Resistances can be measured from 0.02 9 to 500 MQ. 


Send for leaflet AM 145. 


MARCONI instruments 


Please address enquiries to MARCONI! INSTRUMENTS LTD. at your nearest office: 
London and the South: Midlands : North: 
Marconi House, Strand, London, W.C.2 Marconi House, 24 The Parade, Leamington Spa 23/25 Station Square, Harrogate 
Telephone : COVent Garden 1234 Telephone : 1408 Telephone : 67455 
Export Department : Marconi Instruments Ltd., St. Albans, Herts. Telephone: St. Albans 56161 





TCS 
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j SOLENOID 
: VALVES 









TW series high-performance valves 
for diaphragm and 
piston-operated apparatus 














One of the outstanding new 
range of solenoid valves recently 
introduced by ETHER LTD., the 

TW (Three-way) valve provides 
effective pilot control for 
diaphragm and piston-operated 
apparatus. A special porting 
arrangementallows the direction 
of flow through the valve to be 
changed when the solenoid is 
operated. Two ranges, TW 25 
and TW 50, are available for use 
with air and water. Non-standard 
versions can. be supplied for a 
variety of otherliquidsand gases. 

























ENQUIRIES, SALES & SERVICE : 
Caxton Way, Stevenage, Herts. 
Stevenage 21 10-7 | 


Tyburn Road, Erdington, Birmingham, 24 
East 0276-8 4 


Appointed Sales and Service Agents 
in all principal countries 
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iy 


Solenoid Waive Divison 


TEMPERATURE & PROCESS CONTROL EQUIPMENT FOR ALL INDUSTRIES 






1959 






or Tturther information 






this on 






Here the whole world can find the finest 
scientific instruments, key information 
and prompt advice concerning : 






SIMA 


% Electronic and nuclear instruments 






% Navigational and survey equipment 


20 QUEEN ANNE STREET *: 
LONDON W.! 


Telephone: IMPerial 6000 
(Press enquiries: LANgham 4251) 






%*& Optical research 






%& Laboratory and research apparatus 










¥%& Engineering measurement 















Space donated b % General industrial instrumentation 
HENDREY THE SCIENTIFIC INSTRUMENT ; 
RELAYS MANUFACTURERS ASSOCIATION OF : 
LTD. GREAT BRITAIN 











MULTIPLE CONTACT RELAYS 





Automatic 

Electrical 

Control 

Equipment 
* 





Send for this new 
folder No. 177 IP 
showing examples 
of our compre- 
hensive range. 
















FO). 9D) 4 =o LIQUID LEVEL CONTROL as ee ee ‘ 


Anerley Works, London, S.E.20 Phone: Sydenham 3ill 
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ELECTRONICS 


New concepts in electronics have been developed at AWA, as a result of experience with missile systems. 


Now they have a wider application. 


U.H.F. WIDEBAND RECEIVER 
Basic arrangement consists of 
R.F. amplifier, mixer, local 
oscillator, I.F. amplifier (A.G.C. 
controlled), cathode follower 
Output stage. Tuning indicator 
(EM 34) is also fitted to receiver. 
The standard forms: one for 
airborne racking with special 
separate power supply unit, the 
other on larger chassis including 
power supply unit (conven- 
tional 19” front panel). 

Standard specification: 420-470 
Mics frequency range; 4 Mics 
overall bandwidth, approximately 
10 db noise factor ; approximately 
70 ohms input impedance. 200- 
250 V and 50-60 c/s input supply. 
Input is unbalanced, output is via 
low impedance (cathode follower) 
stage. 


ARY 1959 


OF THE 


TRANSISTOR 
GALVANOMETER 
AMPLIFIER 


DIRECTIONAL 
COUPLER 


Here are some of the new AWA devices now available to industry. 


This Amplifier has been designed to drive viscous 
damped recording galvanometers which normally have 
a resistance of 50 ohms and a working range of D.C. 
to 2 Kc/s in frequency. The amplifier has a switched 
attenuator at its input and will accept single ended or 
push pull signals from + 1 Millivolt to + 500 volts 
and will feed a maximum of 50 Milliamps to the 
galvanometer. There is also a range of ancillary 
units available for use with this Amplifier as part of a 
comprehensive instrumentation system. 

Standard specification: Dimensions: 44 x 3} in. x 
10 in.; Frequency response: Flat from DC to 2 Ke|s, 
5% down at 3 Ke/s, 3 db down at 6 Kc/s; Noise level: 
less than 10 Microvolts ; Input impedance: 40,000 ohms 
on range 5, 110,000 ohms all other ranges ; Gain: Maxi- 
mum 7-5 Milliamps/Millivolt, minimum 0-04 Milli- 
amps| Volt; Power requirements: 6 Volts D.C. 220 
Milliamps each line. 


Of the ‘Loop’ type, suitable for measurements of RF 
power and Standing Wave Ratio in coaxial cables. 
Directional properties are largely unaffected by 
frequency changes, so coupler may be used to help 
obtain optimum, termination of a 52 ohm coaxial 
system up to 600 M/cs. 


Standard specification. Size 7” x 4” x 25"; weighs 
4 lbs. 3 ozs.; Power Measurement Range is Low range 
1 w.cw.max. High range 5 w.cw.max; less than 1% 
attenuation; better than 2% accuracy at frequency of 
calibration. 





ROTARY SWITCH FOR TELEMETRY 


Based on a conception of British Ministry of Supply’s 
Research and Development Establishment, gives 
facilities previously unobtainable from mechanical 
sampling devices. The Standard Model enables two 
24 channel banks to be sampled at speeds up to 
200 r.p.s. 





All devices are adaptable to suit customers’ own 
requirements. For further information consult: 


COMMERCIAL ELECTRONICS DEPT. 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., 


Baginton, Coventry. 


HAWKER 


SIDDELEY 


INSTRUMENT PRACTICE 


GROUP 





Circle 54 for further information 


BY 


Ernest Turner precision-built elect- 

rical measuring instruments give absolute 
accuracy, dependability and ease 

of reading and keeping pace with the ever 
widening field of electronics, Ernest 
Turner Electrical Instruments offer 

a wide range of instruments to 

meet specific requirements and individual 
applications. For more than 35 

years, in this country and in many 
parts of the world, wherever there has 
been a job of precise electrical 
measurement to be done, the choice has 


been Ernest Turner instruments 


Precision 
Electrical Measuring 
Instruments and | 
Electronic Measuring 
Equipment 
































; he 
Ernest Turner Electrical Instruments Ltd. HIGH WYCOMBE - BUCKS - ENGLAND [ 
Telephone: High Wycombe |301-2-3 Cables: Gorgeous, High Wycombe 
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VOL. 


CONTENTS FOR 


Commentary 


Tachometer used as an 
Accelerometer . 
By P. J. Rademakers 


Conductivity Measurement . 
By S. A. Bergen, M.B.E., AM.ILEE. 


Books Received 


Angular 


Accelerated Life eatin of Electronic 
Parts . ‘ : , 


Automatic Analysis of Measured Data . 
By P. J. Rademakers, C. M. Verhagen and 
A. v. Westbroek 


Control System Analyser 


Laboratory Instrumentation in the Oil 
and Chemicals Industry 
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postage free. (Single Copies 4/6). $850 United 
States & Canada. £3 Sterling all other 
countries. 





Technical articles will be gladly considered for publication, 
payment being made by arrangement. Articles should 
preferably be from 3,000 to 4,000 words, but no rigid limit 
is imposed. Manuscripts should be typewritten, in double 
spacing, on one side of the paper only. Diagrams should 
be on Bristol board, tracing cloth or tracing paper, drawn 
and lettered in Indian ink, symbols to the relevant B.S. 
specifications. For half-tone illustrations, glossy prints are 
preferable. While every care is taken of MSS. submitted, 
no responsibility can be accepted in case of loss. 
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present a range of 
fine oscilloscopes 


for 1959 


Continuous basic development and active 
research into customers’ requirements ensure 
that there is always a Solartron precision- 
engineered oscilloscope available for your 


specific application, 


A brief look at the nine basic specifications below will 
help you to plan your visual analysis instrumentation. 
From the special CD 715 for monitoring of power supplies 
to the latest Measuring Oscilloscope—the CD 643.2 
—each instrument represents the finest value in oscillo- 
scopes obtainable today. 

The CD 643.2 Measuring Oscilloscope (illustrated) is 
the most accurate measuring ’scope in quantity produc- 
tion. With a constant bandwidth of D.C. to 12 Mc/s and 





an effective timebase ratio of 100 million to one, the 
CD 643.2 has precision decade measurement facilities on 
both ‘X’ and ‘Y’ axes. On the ‘X’ axis “bright-up” 
markers for pulse work—and for lower frequencies a 
brightening pedestal of accurately controlled duration; 
whilst on the ‘Y’ axis precision switching of a reference 
voltage source enables signal nulling to be easily 
accomplished and amplitude measured directly off the 
controls, both to an accuracy within 2%. 

















General Pulse & Radar | General Pulse & Radar ‘ | Power Supply Constant 
Purpose Monitor Purpose | a. Monitor | Pa notes | Doutto-Beam Moniter Bandwidth 
Oscilloscope Oscilloscope Oscilloscope | AD 557 | Oscilloscope CD 643- cD 7180 Oscilloscope yoy 
CD 513-2 CD 518 CD 52382 | | CD 568 | | CD 715 CD 814. 
- . ‘ Mod. Version | . | Mod. Version “| Admiralty 
Services No: _ ofCT 316 | CT 386A _ orcT 316 CT 380 CT 414 Mk. 29 TU | ~ 
‘S P ‘ Max: D.C.— | Max: D.C.— | Max: D.C.— Max: D.C._— Max: D.C.— Constant: Max: ne~ Max: ne— ~ Constant: 
Bandwidth (308): 10 Mc/s. SMc/s. |  10Mc/s. 1 Mcjs. 5 Mc/s. |D.C.—12Mc/s. 7 Mc/s. 20 Ke/s.  |0-9¢/s—9 Mels 
- | | | - 
Sensitivity : |} ImV/em.— 0-4 Vicm.— ImV/cm.— 3 mV/cm.— 0-4 Vicm.— | 100 mV/em.—| 3mV/em.— | 10 mV/em.— | 30 mV/cm— 
y: 10 V/cm. 10V/cm. | 10 mV/cm. 100 V/cm. 10 V/cm. 60 V/cm. | 100 V/cm. 10 V/cm. 30V /cm. 
ee | é 
* . ic, | Cal. Sensitivity! Shift Meter | Cal. Sensitivity Cal. Shift Shift Meter | Cal. Shift Cal. Shift Special Comparison 
*Y’ Calibration : | Ace: 10% co: 3%, Acc: 10% Ace: 5%, Acc: 3% Acc: 2% Acc. 5% Facilities | A.C. Acc: 3% 
aration: | Cale Adjust- | ‘Pips’and | Cal, adjust- | Cal: Adjust- aia ‘Pips’ and ———— ae 
aie . . Adjus' + setae al. Adjust al: Adjust Sinewave ! Cal. Adjust- | Special Brilliance Mod. 
x ances ; ment Acc: 10%) acon don" 19,jment Acc: 10%)ment Acc: 10%| Acc: 1% ree ment Acc: 5%/| ‘Facilities Acc: 5% 
setae 10 cm./Sec— |0-1 cm/m Sec—}|_ 1 cm/Sec.— 1 cm./Sec.— 0-1cm./mSec— 10 cm./Sec.— 0-33 cm./Sec.—| 1 .cm./Sec.— | 0-1 cem./m Sec. 
Sweep Velocity: 10 cm./ Sec. 10 cm/. Sec. 10 cm./12 Sec. | 1 cm./ Sec. | 10cm./y Sec. | 10 cm./y Sec. 3.3 cm./u Sec. | 100cm./Sec. | —2 cm./u Se. 
ome wees x 0-5, x 1-0, | x 0-5, x 1-0, Variable Variable Variable |x 0-05, x O-1,) Variable up 
X” Expancion ; x 2-0, x 5-0, soi x 2-0, x 5-0. | upto x 10 | = upto x 100 | upto x 10 |x0-2,0-5,x1-0.| to x | 
: : _ 164” x 10” ax 16,” x 10” 164” x 10” | > eo gn dt ad 163” x 13” 14” x 10” 144” x 10)" 
Dimensions : x 22” deep. | x 18’deep. | x 22”deep. | x 22”deep. | x 18” deep. | x 273” deep. | x 274” deep. | x 20” deep. | x of deep. 
Weight: 70 Ib, 40 Ib. 70 Ib 70 Ib. 40 Ib. 140 Ib. 116 Ib. 47 Ib. | 43 Ib. 
Price : £235 £235 | £275 | £285 £220 £490 £390 £460 £145 








Also available shortly —the new Solartron Infinite Persistence Oscilloscope Type QD 910 


Why not write or call us now for a demonstration of any of the nine models listed above ? 
Specialist instrument engineers are immediately available to assist you, whatever your problem or field of application. 


THE SOLARTRON ELECTRONIC GROUP LIMITED 


THAMES DITTON e SURREY ee TELEPHONE: 
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Commentary 


Increase in The sudden increase by four in the 


Electronic number of U.S.A. instrument manu- 
Control facturers producing electronic control 
Systems systems may well mean a definite trend 


in this direction after a long period 
in which only one new model appeared. The total 
number of firms offering complete systems now appears 
to be six in U.S.A. and two in this country. One of 
the latter is entirely British in concept and the other 
an American version manufactured here under licence. 
In passing, the standardisation suggested by Mr. R. J. 
Redding in the Septeniber issue of this journal (page 
960) does not appear to have been wholly realised. 
Four of the six American systems have output signals 
of 1-5 mA d.c. output but into widely different loads 
(500 to 12,000 ohms), one has 4-20 mA d.c. into 0- 
1,500 ohms and the remaining one 10-50 mA d.c. into 
600 ohms. In some respects, this is a pity since it is 
easier to standardise at the inception of a new system 
than later. 


Russian The latest success of the Soviet Union 
Instrumenta- in projecting a rocket to the region of 
tion the moon, and its subsequent operation 
as a satellite of the sun, must involve 
some original instrumentation to telemeter information 
on its behaviour and the measurement of various 
physical quantities involved in the flight. Whilst 
reflecting on the order of this development, one also 
wonders what is the exact level of industrial measuring 
and control instrumentation. The Soviet Union are 
willing to disclose as much information as the political 
situation allows as witness the latest 16-page report 
of a special team of observers which appeared in the 
November, 1958, issue of our American contemporary 
Control Engineering. Whilst it would appear from this 
report that the Soviet Union is lagging in some phases, 
it is level and even slightly ahead in others. Perhaps 
one may quote: 
‘Soviet control engineers have pulled abreast of 
their Western contemporaries in technical know- 
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ledge. They should have, for it is on the West’s 
technical know-how that they have ridden _for- 
ward.” 

The report then refers to the fact that many Western 
journals are copied by offset-printing for rapid distribu- 
tion to Soviet engineers and goes on: 

“They have nevertheless drawn slightly ahead 
in abstract theories of non-linear control, random 
processes, and self-adaptive control. 

“They have demonstrated great ability at mass 
producing standard products, but they lag in 
developing and producing sophisticated products 
such as analysis instruments, complex data 
acquisition systems, and static switching systems. 
Their scores of standard products are applied with 
ability and some originality.” 

There appears to be unbounded enthusiasm for 
measurement and control technique developments and 
the overall gap may easily be closed unless the Western 
powers are equally alert. 


D.S.1.R. Five-year plans have been very much 
Five-year in the news since the end of the war, 
Plan but in view, perhaps, of the paragraphs 


above, the announcement that expendi- 
ture on research by the Department of Scientific and 
Industrial Research will be nearly doubled in the next 
five years cannot but be welcomed. Under its second 
five-year plan, for the period 1959-64, approximately 
£61 million will be made available to the Department, 
compared with {£36 million for the first quinquennium 
which ends on 31st March, 1959. 

Expansion will continue steadily throughout the 
period and for the year 1963-64 expenditure is planned 
to reach about £14 million. 

The largest expansion is planned to take place in the 
field of scientific grants to the universities. Post- 
graduate awards to students will be increased by about 
10 per cent each year until in 1963-64, it is hoped, some 
3,800 students will be receiving D.S.I.R. grants for 
research training. In the same year it is expected that 
D.S.I.R. support for special research in the research 
departments of universities will be operating on a scale 
of about £1? million per annum. 
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SILICON 





RECTIFIERS | 
200-600 volt P.I.V. — 


This new Texas diffused junction silicon rectifier gives you full 3-ampere output at 50°C. with 
P.I.V. ratings up to 600 volts. The all-welded rugged construction with glass to,metal seal, provides high 
resistance to shock and vibration. 











Anode-to-stud units denoted by ‘“‘R” suffix to type number. 
U.K. Nos. : 18401 18402 18403 18404 

MAXIMUM RATINGS U.S.A. Nos. : 1N1124 | 1N1125 | 1N1126 | 1N1127 
Peak Inverse Voltage at —65°C to +150°C 200 300 400 500 
*Average Rectified Forward Current at +50°C 3 3 3 3 
* Average Rectified Forward Current at +150°C 1 | 1 1 
*Recurrent Peak Forward Current at +50°C 10 10 10 10 
Surge Current, for 5 milliseconds at+25°C 25 25 25 25 
Operating Temperature, Ambient —65+150 
SPECIFICATIONS 
Max. Full Cycle Avg. Reverse Currentat +150°C 0.3 0.3 
Max. Reverse Current at PIV at+25°C 10 10 
Max. Forward Voltage Drop at 
I, = 1 Ampat+25°C 1.1 ‘ : 1.1 
* Rectifier mounted on 2” x 2” Heat Sink, 1/16” aluminium. 
































Actual 























Full information on all Texas Rectifiers available on request. 


TEXAS INSTRUMENTS LIMITED 


Pioneers of Semiconductors 
DALLAS ROAD, BEDFORD. TEL: BEDFORD 68051. CABLES: TEXINLIM BEDFORD 
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Tachometer used as an 


Angular 


Accelerometer 


By P. J. Rademakers* 


NGULAR accelerations are often measured by 

first converting, with the aid of a tachogenerator, 
the angular velocity into an electric signal. The angular 
acceleration is then obtained by differentiating this 
signal. 

Owing to this differentiation the errors inherent in 
the tachogenerator, such as the irregularities due to the 
finite number of poles, are emphasised. These irregu- 
larities will restrict the usable band width of this 
system, particularly with low angular velocities. 

The angular acceleration meter described below does 
not possess the above-mentioned disadvantage. 

The apparatus consists of a shaft with a cylinder 
constructed of conducting material attached to it 
(see Fig. 1), and functioning as a rotor. The rotor is 
intersected by magnetic lines of force. 

When the shaft rotates in the direction shown, the 
upper part of the rotor moves to the right. Owing to 
this movement, an e.mf. is generated which is directed 
backwards. 

A similar phenomenon occurs at the bottom of the 
rotor, where, however, owing to the reversed direction 
of movement, the e.m.f. is directed forwards. Since 
the rotor is made of conducting material, this e.m.f. 
results in a current, whose magnetic fieldis perpendicular 
to the original field. The flux ¢ passes through a coil 
placed in the direction of this flux. As the e.m.f. 
generated in the rotor is directly proportional to the 
cylinder velocity, the flux ¢, too, is proportional to the 
angular velocity, the self-inductance of the rotor being 
ignored. As long as the angular velocity of the rotor 
remains constant, the flux ¢ will also be constant. 

The voltage induced in the coil, therefore, remains 
zero. As soon as @ varies with time an e.m.f. pro- 


, d¢ . :, 
portional to “ is generated in the coil. 


Since ¢ is proportional to the angular velocity, the 
e.m.f. will be proportional to the angular acceleration. 

This principle is attractive because its operation is 
based on fundamentally linear laws. 

The angular-acceleration meter in question is obtain- 
able commercially in the form of an a.c. tachogenerator. 
It does not contain a permanent magnet, but, instead, a 
second coil to which an alternating voltage is applied. 


*—Technical Physics Department T.N.O. and T.H., Delft, 
Netherlands. 
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Fig. 1 


In the output coil, an alternating voltage will then be 
obtained having an amplitude proportional to the 
angular velocity. These tachogenerators may also be 
used as angular-acceleration meters by applying a 
direct current to the field coil. The output coil will then 
produce an e.m.f. proportional to the angular accelera- 
tion. The moment of inertia of these generators may 
be exceedingly small, since the rotating part consists 
only of a shaft with a fairly light cylinder. 

The tachogenerator we used yielded about 50 pV 
per rad/sec?. To avoid errors due to the earth’s magnetic 
field and other stray fields, the tachograph was screened 
off by means of a Mu-metal casing. 

When a patent was applied for this tachograph it 
appeared that its principle had already been patented 
in Germany in 1921 by Fried Krupp Akt. Ges. under 
No. 331847. 

Nevertheless, it seemed necessary to make the 
principle known to wider circles, since we have never 
met this idea in current technical literature. 
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CONDUCTIVITY MEASUREMENT 


S. A. Bergen, M.B.E., A.M.1.E.E.* 


Introduction 

HE earliest experimenters with electricity divided 
solids into conductors and non-conductors, but 
it was not until the invention of the voltaic cell provided 
them with a convenient source of power that a 
systematic investigation of the phenomena of conduc- 
tion could be made. In 1800, the year following Volta’s 
important discovery, it was found that most liquids, 
unlike solids, decompose when current is passed through 
them. The action of electrical current in these liquids 
was investigated by Faraday, who gave them the name 
“Electrolytes” and introduced the terms ‘‘Anode”’ and 
“Cathode” for the metal electrodes taking the current 
to and from the liquids. The term ‘‘Anode”’ was applied 
to the positive electrode where the current was supposed 
to enter the solution, and ‘“‘Cathode”’ to the negative 
where it was supposed to leave the solution. It was 
later established that all solutions of acids, bases and 

salts are subject to electrolysis in this way. 

A certain minimum applied -e.m.f. is necessary, 
depending upon the electrolyte and the nature of the 
electrodes, before electrolysis can take place. The 
products of the electrolytic decomposition produce a 
back e.m.f. known as polarisation, which must be 
overcome before electrolysis can be maintained. For 
example, hydrogen in contact with a platinum elec- 
trode, when water is electrolised, acts as a voltaic cell 
and produces a back e.m.f. in the direction opposing 
the e.m.f. causing the electrolysis. If no polarisation 
takes place, then this minimum e.m.f. does not apply, 
as in the case of copper sulphate, between copper 
electrodes. In all cases, a smai! amount of decomposi- 
tion takes place as soon as the e.m.f. is applied to the 
electrodes, but it will not continue unless the e.m.f. 
is greater than the polarisation e.m.f. 


Grotthus Chain Theory 


A number of theories were put forward to account 
for the facts of electrolysis, and the first of these to 
attract attention was the Grotthus Chain Theory. In 
particular, it was necessary to explain the fact that the 
decomposition takes place only at the electrodes and 
not in the solution. This theory was put forward in 
1805 and postulated that the. molecules of substance 
in solution consisted in fact of two parts, “A” and “B”, 
as shown in the top line of Fig. 1. When the e.m.f. was 
applied, it was suggested that part “A” of a molecule 
was attracted to an electrode as shown at the left of 
line 2 of Fig. 1, leaving part “B”’ free. The free part 
“B” would then attack the next molecule, displacing 
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part ““B” from it to the next adjacent molecule, and so 
progressively along a chain until the part “B”’ of the 
last molecule is free and is liberated at the other 
electrode. 

Investigation, however, showed that liquid conductors 
obey Ohm’s law, which states that the e.m.f. is equal 
to the product of the resistance and the current. 
Hence, all the energy provided by the external source 
of supply is used in overcoming the resistance of the 
solution and none is available for breaking up the 
molecules into the proposed parts “A” and “B”’. 


Faraday’s Laws of Electrolysis 

A great practical step forward was taken in 1834 
when Faraday enunciated his Quantitative Laws of 
Electrolysis. These, in fact, only slightly modified the 
Grotthus chain theory and did not remove the objec- 
tions to it. They did, however, place the phenomena of 
electrolysis on a quantitative basis for the first time. 
He also gave the name “Ions” to the parts into which 
the molecule is dissociated in solution. The laws are 
as follows:- 

(1) The amount of decomposition caused in elec- 
trolysis is proportional to the current passed. 

(2) For the same quantity of electricity passed 
through different solutions, the amount of 
decomposition is proportional to the equivalents 
of the elements or groups liberated. 


Clausius 

The next advance was made in 1857 by Clausius, who 
put forward the theory that when in solution some 
part of an electrolyté is invariably split into ions and 
that there is an equilibrium between the ions and the 
un-dissociated electrolyte. He supposed that only 
a minute proportion of the electrolyte was ionised at 
any one time. As dissociated in solution, the free ions 
are charged and are therefore attracted to the 
electrodes of opposite polarity. On reaching the 
electrodes, the ions are discharged and liberated as 
products of electrolysis. This theory explained in 
general terms the facts then known of electrolysis, 
but gave no quantitative expression. 


—a 


ELECTRODE 


® C+ @OO+ OOO-G—# 


Fig. 1. Grotthus chain. 
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Fig. 2. Dissociation theory. 


Arrhenius 


A more complete and quantitative dissociation 
theory was put forward in 1887 by Arrhenius and has 
since played a great part in the development of electro- 
chemistry. According to Arrhenius, immediately the 
electrolyte dissolves in water, at least part of it dis- 
sociates into ions which are free and moving with 
random motion in the liquid. When the e.m.f. is 
applied the ions are attracted to the electrodes of 
opposite polarity and, on reaching them, are discharged, 
appearing at the electrodes in their normal condition. 

This theory was strenuously opposed at the time, 
but is now generally accepted, the only modification 
being that while Arrhenius held that all electrolytes 
partly dissociate in solution, it s now believed that 
certain electrolytes, given the name “strong electro- 
lytes’”, completely dissociate. These electrolytes are 
generally those having a very high conductivity such 
as common salt, hydrochloric acid, etc. 


Conductivity and Concentration 
The observed phenomena may now be explained on 
the basis of the dissociation theory. For example, 
sodium hydroxide, NaOH, dissociates into two ions, 
the positive sodium ion and the negative hydroxy] ion. 


NaOH = (Na) + (OH) 
Sodium chloride dissociates into a positive sodium ion 
and a negative chloride ion. 


NaCl = (Na) + (Cl) 
The number of ions can be seen to be proportional to 
the number of molecules present, or in other words, 
the concentration of the solution and the extent 


equal. This is illustrated in Fig. 2, which represents the 
electrolysis of substance MR. The crosses represent 
ions which have left the electrode compartments 
through migration in opposite directions, whilst R- 
and M* with lines through them represent ions which 
have been attracted from the anode and cathode 
compartments by the electrodes at which they are 
liberated and neutralised. It will be seen that the 
concentrations in the electrode compartments are 
reduced and that 5M* are discharged at the cathode 
and 5R- at the anode. 

From the above considerations it will be observed 
that the current will depend on the charge on the ions 
which varies with the valency of the ion. It also 
depends on the speed of the ions in the solution, or 
ionic mobility. 

For low concentrations, this may be stated as: 


K = n.t.c. 

When K = Conductivity 
n = Charge on ion 
c = Concentration 
u = Mobility of ion 


At high concentrations the relationship becomes 
non-linear as the effective value of u is reduced by 
attraction and collision between the ions. 

The importance of conductivity measurement on 
feed water and steam is at once apparent, since it 
gives a direct quantitative measurement of the con- 
centration of inorganic substances present. The 
conductivity depends upon the total concentration, but 
if only one substance is present, the result may be 
expressed as mass of that substance per unit volume of 
water and this is sometimes done in the case of measure- 
ments on marine surface condensers where sodium 
chloride may be present as the result of leakage. 

Typical conductivity/concentration characteristics of 


‘common substances in water are given in Fig. 3. 


Polarisation 

When a voltaic cell consisting of zinc and copper 
electrodes in sulphuric acid has current taken from it 
the e.m.f. of the cell rapidly falls. This is because the 
electrodes become covered with bubbles of gas which 
form cells with e.m.f.s in opposition to that of the 
main cell. If the gas were continuously removed from 
the electrode, the e.m.f. of the cell would remain 
constant. For a given concentration of electrolyte, 
this back e.m.f. produced by products of electrolysis, 
which is known as polarisation, remains constant. 
Exactly the same phenomena occur when an e.m.f. is 








to which dissociation takes place. If two electrodes “MeSOnNs 
are now placed in the solution and a d.c. voltage 7 = / / 
applied, the ions will move towards the electrode of — 
opposite sign. On reaching the electrode, the positive A | pi OF wy ri 
ion takes up an electron, or negative charge, and the 9 SOF aw 
negative ion releases an electron so that both are ee 
neutralised. This exchange of electrons constitutes ee | 
the flow of current through the solution. 7 sol Ca 

Under the same potential gradient, ions travel at — 
different velocities. While the neutral substances are 6 span 
liberated in equivalent proportions at the two elec- iS PARTS PER 100 oe 
trodes, it does not follow that the rates at which the ol eee us oe 
appropriate ions move towards their electrodes are Fig. 3. Concentration curves. 
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imposed upon an electrolyte from an external source, 
the reactions being the reverse of those described. 
When a small e.m.f. is first applied, a current will 
flow, but will rapidly drop to a very low value unless 
the e.m.f. is raised above the polarisation e.m.f. 
That the current does not drop to zero when the applied 
e.m.f. is below the polarisation value is due to 
diffusion of gases away from the electrodes. 

Polarisation is also produced by changes in con- 
centration of the electrolyte near the electrodes due to 
the positive and negative ions moving towards them 
at different speeds, i.e., having different mobilities. 

The minimum applied e.m.f. required to maintain 
appreciable electrolysis is called the ‘‘Decomposition 
Potential” and varies from substance to substance. It 
will be seen that this potential must be taken into 
account when making conductivity measurements. 


Temperature 
Unlike solid conductors, the conductivity of an 
electrolyte rises with temperature due to the increased 
mobility of the dissociated ions in solution. The 
conductivity must therefore be stated at a given tem- 
perature to have any significance and the order of 
variation around room temperature is about 275% 
per °C. Only in a few cases, however, is this change 
proportional directly to temperature, the general 
relationship being non-linear as seen in Fig. 4. Com- 
pensation for this characteristic is necessary when 
measuring conductivity industrially; for laboratory 
work it is more usual to maintain the sample at a 

constant and known temperature. 


Conductivity Measuring Equipment 
The foregoing theoretical discussion indicates three 
major difficulties which must be overcome _ before 
accurate measurement of conductivity can be made. 
Either electrolysis must be prevented or the products 
must be removed so that they do not cause back e.m.f. 


and corrosion of the measuring cell. The back e.m.f. 
due to polarisation must be either compensated or 
removed and the effect of temperature must be com- 
pensated. 

The first experimental work on the relationship 
between conductivity and concentration was published 
in 1879 by Kohlrausch. He found that by using 
alternating current between the electrodes, instead of 
direct current, the problems of electrolysis and polarisa- 
tion were largely overcome, since the direction of the 
applied e.m.f. in this case reverses at a_ relatively 
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ig. 4. Temperature characteristics. 
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Digby and Biggs d.c. circuit. 


high frequency, and because of this, little electrolysis 
or polarisation takes place. At an a.c. frequency of 
50 cycles per second these effects become very small 
indeed, and at a frequency of 1,000 cycles per second 
they are no longer significant. Using a form of the 
Wheatstone bridge, excited by a.c. and working ata 
time when the theory of electrolytic conduction had 
not emerged in its present form, Kohlrausch found that 
for dilute solutions conductivity and concentration 
were closely related. 

Other early workers in the field were Digby and Biggs 
using a d.c. method, and it is interesting to note that 
as recently as 1910, Evershed, whose papers to the 
I.E.E. on resistance measurement on solid conductors 
are classics, commenting on work carried out with the 
Digby and Biggs method in connection with the con- 
tamination of distilled water with mains water, stated, 
“If the ion velocity were constant... . conductivity 
would be exactly proportional to the percentage of 
London water. I have drawn a straight line to indicate 
this theoretical law because it so clearly directs us to 
rely on experiment rather than upon a theory we do 
not perfectly understand”’. 

The present authors feel that this is safe advice 
only to those whose experimental technique is as good 
as Evershed’s. : 


The Digby and Biggs d.c. Circuit 

The d.c. method due to Digby and Biggs is illustra- 
ted in Fig. 5 and is one of the earliest industrial equip- 
ments. This circuit operates in conjunction with the 
cell shown in Fig. 6. 

The measuring cell comprises two tubes of insulating 
material, P and P1 (see Fig. 6), separated by a central 
brass-covered insulating tube which contains two 
platinum positive electrodes K and K1. These three 
insulating tubes are mounted in a gun-metal casting 
(C) which is “‘live’’, as it forms the negative electrode. 
This casting is therefore insulated from the outer 
metal case and the inlet and outlet water connections 
are made through ebonite pipes of adequate lengths. 

The testing current flows upwards and downwards 
through the two columns of water surrounded by the 
tubes P and P1 which are accurately machined to 
give a definite area of cross-section, and the meter 
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Fig. 6. Ring type measuring cell. 


measures the resistance of these two columns of water 
which are electrically in parallel. Temperature com- 
pensation over a range of 15/75°C is provided by the 
two insulating plungers G and G1 which are positioned 
in the tubes P and P1 by the bi-metal levers H, thus 
varying the average cross-section of the water columns 
with temperature. Because of the considerations 
outlined under the heading “Temperature”, such an 
arrangement can of course provide only a mean com- 
pensation for the probable substance present in the 
water at the probable working temperature and 
concentration 

In order to minimise the effect of polarisation 
e.m.f.s, the instrument is operated at mains voltage, 
but this has the disadvantage of producing relatively 
high currents in the parallel paths through the water, 
and hence a proportionately high rate of production of 
electrolysis products which change the solution con- 
centration and the nature of the electrodes. To 
minimise errors due to these products, and also to 
prevent the corrosion they would cause in the conduc- 
tivity cell, a high rate of flow is necessary to wash them 
continually to waste. The use of high voltages and the 
comparatively high currents passing through the cell 
may give rise to serious self-heating which occurring in 
a liquid with a high temperature coefficient can lead 
to large errors. 

In the design and use of a bridge for conductivity 
measurements it should be the aim to reduce the 
current to the very minimum for adequate detection of 
the balance point, or better, to carry out the tests 
with currents of different magnitudes and determine 
the error so arising. It is of the utmost importance that 
the electrical supply to this type of equipment should 
be disconnected whenever water is not flowing through 
the system. 

The indicating and recording meters consist of 
ohmmeters. The moving element of the ohmmeter 
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consists of two coils, the control coil, and the deflecting 
coil, both connected in parallel across the d.c. supply 
and arranged so as to oppose each other in the field of 
the permanent magnet. The control coil is in series 
with a fixed resistance, while the deflecting coil is in 
series with the water resistance under test. There is no 
control spring and the deflection of the movement 
depends on the ratio of the currents in the two coils 
which is determined by the value of the resistance 
under test, since variations in the supply voltage 
affect both coils in the same proportion. 


A.C. Bridge Circuits—Quadrature Components 


The classical method due to Kohlrausch makes use 
of a modified version of the well-known d.c. Wheatstone 
bridge which is widely used for resistance and other 
measurements. In the d.c. circuit shown in Fig. 7, 
the relationship between the resistances of the four 
arms at balance—that is, when no current flows through 
the galvanometer—is as follows: 

Rl R3 

R2 R4 
If the values of R1, R2 and R4 are known, the resistance 
of the conductivity cell is easily calculated. In practice, 
R2 and R4 may be fixed values and RI varied to 
obtain balance, the adjustment being calibrated 
directly in terms of the resistance of R3. 

When the bridge is excited by a.c., however, the 
expression is not so simple, since the effects of inductive 
and capacitive components must be included. If all 
the resistances are made non-inductive, the first of 
these effects may be neglected. The capacitance of the 
cell electrodes and leads give rise to significant currents 
which are not in phase with the current due to the 
purely resistive components. This additional current, 
which is called the quadrature component, since it 
leads the resistive current by a phase angle of 90°, 
represents an error since, although the galvanometer is 
sensitive to it, it bears no relationship to the resistance 
values of the arms of the bridge. 

One method of eliminating the quadrature current 
from the measurement is to use a galvanometer which 
is sensitive only to the in-phase current. A simplified 














Fig. 7. D.C. Wheatstone bridge. 
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circuit of the method of Jander and Schorstein is 
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shown in Fig. 8. Instead of permanent magnets to 
provide the galvanometer magnetic field, a wound 
magnet is used and is excited from the bridge supply 
‘ “ source. This winding is so disposed that torque is 
produced in the galvanometer coil only by that com- 
ponent of the current passing through it which is in 
phase with the supply. This form of circuit may be 
incorporated in a hand-operated bridge for laboratory 
measurements, or the galvanometer may be the detector 
of a mechanically operated self-balancing recorder for 


industrial applications. 
A second method of achieving the same result is 


shown in Fig. 9. A polarising voltage is taken from 
tappings on the bridge supply and is applied to a bridge 
rectifier, the polarising phase being adjusted so that 
the input to the galvanometer is due only to the 
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resistive component of the bridge output. This circuit 
rejects quadrature components over a wide range of 
110v. conductivity values and its efficiency is maintained 
over all ranges by varying the fixed resistance values 
== of the bridge by a multi-point switch ganged to the 
TEMPERATURE range switch. This arrangement permits the use of a 
COMPENSATOR 230v normal d.c. galvanometer and is particularly suitable 
for a laboratory conductivity bridge as shown in Fig. 10. 
Both the foregoing methods depend upon detectors 
. which are insensitive to the quadrature component. 
A further method is to introduce a compensating 
quadrature component in the bridge so that at balance 
| neither in-phase nor quadrature current flows in the 
detector. For the a.c. excited Wheatstone bridge at 
CONDUCTIVITY CELL balance, the bridge arms are related by the expression: 
Ii Th cal Wh brid a ns 
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Fig.9. Practical a.c. bridge circuit. 
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Fig. 10. Laboratory conductivity bridge. 


Where Z = R — jX 
xX Capacitive reactance of arm, 
j signifying 90° phase lead. 

If, therefore, a capacity is placed in parallel with R1, as 
shown in Fig. 11, it can be adjusted to balance the 
capacitance of the cell R2 and a true balance will be 
obtained. The simplicity of this device makes it very 
attractive for simple laboratory instruments, but it 
can only be a very approximate method. Changes of 
conductivity of a solution are always associated with 
changes of dielectric constant and hence changes of 
capacitance between the electrodes of the conductivity 
cell. Continuous adjustment of the value of Cl is 
therefore necessary. This adjustment is achieved 

automatically in the circuit shown in Fig. 12. 
The electronic self-balancing recorder has largely 
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tig. 11. Manually balanced a.c. bridge. 


superseded the mechanical type in industry because 
of its higher sensitivity, lower maintenance require- 
ments and the ease with which alarm and control 
systems can be provided. It also provides an accurate 
method of quadrature compensation and the system 
described may be taken as representing the most recent 
developments in conductivity measurement. 

The output from the bridge contains both in-phase 
and quadrature components and both are amplified 
by the recorder amplifier. The output of the amplifier 
is passed in series through the signal winding of a 
second two-phase servo motor in addition to the normal 
slide-wire rebalancing motor. The reference of the normal 
motor is supplied from a source with a phase displace- 
ment such as to produce torque when the signal winding 
of the motor receives a current in phase with the supply. 
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Fig. 12. Self-balancing a.c. bridge. 
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Fig. 13. Glass mounted electrodes. 

It therefore operates in the orthodox manner, moving 
the slide-wire brush into such a position as to cancel 
the in-phase error signal from the bridge. The second 
motor has its reference phase supplied from a source 
whose phase displacement is such as to produce torque 
when the signal winding receives a current in quad- 
rature with the bridge supply voltage. This motor 
operates a quadrature compensating device to cancel 
the quadrature component of the bridge output. True 
balance of the bridge is thus obtained for any value 
of capacitance in the leads and electrodes, even if 
this value is continually changing. 


Temperature Compensation for Bridge Circuits 

Since the measurement of the conductivity is made 
in absolute units, i.e., ohms or reciprocal ohms which 
by definition do not change with temperature, it is 
necessary to measure and to state the temperature 
of the solution at which the measurements were taken. 

When temperature compensation is incorporated 
in the circuit of the bridge it is designed to give the 
value of the measurement as though it were carried 
out at some definite temperature, e.g., 20°C, and_ this 
information must always be given, otherwise the results 
are meaningless. 

Compensation for the change of conductivity of a 
solution with temperature can be achieved by altering 
the ratio of the bridge arms and the simplest method 
is shown in Fig. 8. In this case a variable resistor is 
included in the bridge, the adjustment carrying a 





Fig. 15. Feed water conductivity measurement. 
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Fig. 14. Reference cell. 

pointer which moves over a scale calibrated in tem- 
perature values. This pointer is set to the working 
temperature of the cell which must be measured by 
a thermometer adjacent to it. As we have already 
seen, different substances have different temperature 
coefficients when in solution and the calibration can 
therefore only be approximate, but where temperature 
fluctuations are small and slow, manual compensation 
of this type may be used. 

More generally useful is a form of automatic tem- 
perature compensation which is achieved by including 
a resistance thermometer in one arm of the bridge. 
This resistance thermometer is placed close to the 
measuring electrodes and its resistance therefore 
corresponds to the temperature at which the measure- 
ment is being made, obviating the need for manual 
adjustment. The characteristic of the thermometer, 
however, must still be adjusted to the coefficient of 
the solution being measured in each case, and this is 
done by a further small adjustable potentiometer. 

Where conductivity measurements are to be 
made over a fairly wide range or with a variety of 
solutions, the most satisfactory method is to include 
a reference cell as one arm R4 of the bridge adjacent to 
the measuring cell as in Fig. 10. This cell is identical 
with the measuring cell but has its electrodes isolated 
from the solution to be measured by a suitable con- 
tainer which is filled with a standard solution of known 
concentration. Both cells are immersed in the liquid 
to be measured and therefore assume the same tem- 
perature. Complete temperature compensation is 


thus achieved and the measurement becomes one of 

: : , Agi . 
ratio, comparing the conductivity of the solution 
under test with that of the reference solution. 


Fig. 16. Insertion cell. 


FEBRUARY 1959 








el 


be 
th 
T 
cl 


su 
m 


fo 
at 
pa 
su 
el 
tr 
in 








em- 
<ing 


ady 
ture 
can 
ture 
tion 


em- 
ling 
dge. 
the 
fore 
ure- 
nual 
ter, 
t of 
is is 


be 
y of 
lude 
it to 
tical 
ated 
con- 
own 
quid 
em- 
1 is 
e of 
tion 


wt 


1959 








Electrodes 
(he specific conductivity of a solution is defined as 


the conductivity between two inert electrodes, each 
| sq cm in area and spaced 1 cm apart, which are fully 
immersed in the solution. Since conductivity is the 
reciprocal of resistance, the unit of conductivity is 
the reciprocal ohm—written mho—and multiples 
of this such as the reciprocal megohm. Other names 


for these units have been put forward without apparent 
justification and are to be deprecated since they are 
coined words bearing no relation to other electrical 
quantities. 

The effective conductivity reading between two 
electrodes will obviously increase with the area of the 
electrodes and decrease with the distance between 
them. If these values are called respectively “A’’ and 


“1”, the ratio 7 may be taken as a measure of the cell 
constant ‘‘K’”’. This constant expresses the relationship 
between the conductivity of a solution measured by 
the cell to which it applies, and its specific conductivity. 
Thus a low constant cell will have large electrodes 
close together and a high constant cell small electrodes 
widely spaced. Cells can be provided with constants 
suitable for the wide range of conductivities to be 
measured. 

The main factors influencing cell design are :— 

1. Nature of solution. 

2. Temperature of solution. 

3. Pressure of solution. 

4. Location of electrodes. 

5. Type of sampling required. 


Glass Mounted Electrodes 

Glass mounted electrodes are the most widely used 
for general purposes’ when measurement is made at 
atmospheric or low pressures, and since all structural 
parts in contact with the liquid are of glass, they are 
suitable for corrosive conditions. A type of measuring 
electrode together with its associated reference elec- 
trode widely used under these conditions is illustrated 
in Fig. 13. It will be noted that the electrodes of 
the measuring unit are relatively close together and 
that the constant “‘K”’ is 0-1. 

An alternative form of reference cell is shown in 
Fig. 14, provision in this case being made for quick 
and easy replacement of the reference solution when 
such a change is necessary. A particularly useful 
application of this cell is shown in Fig. 15. When 
making conductivity measurements on feed water 
samples it is essential that no air or other soluble 
contaminant be allowed in contact with the sample 
as these would cause an erroneously high reading. The 
sample is therefore transferred immediately to the 
outer vessel of the cell and the electrode inserted, the 
ground glass joint providing an air-tight seal. The 
measurements may now be made using this cell as the 
measuring electrode immersed in a reasonably constant 
temperature bath, thus dispensing with temperature 
compensation. This arrangement provides accurate 
measurement with the simplest possible equipment. 

Yet another form of glass cell is shown in Fig. 17, 
utilising ring electrodes instead of the plates shown in 
Figs. 13 and 14. This type of electrode is less susceptible 
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Fig. 17. Bishop type electrode. 


to deposits of dirt than the plate type, but because of 
its conformation has a high constant and is used mainly 
on high conductivity solutions. 


Insertion Cells 

When the cell is to operate under pressure and it is 
required to remove it from the line while under pressure 
for cleaning, the insertion type is used. It is illustrated 
in Fig. 16. The electrodes are of platinum wire and are 
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mounted in a cylindrical holder. The holder passes 
through a gland at the outer end of the mounting, then 
through the open port of a shut-off valve and protrudes 
into the pipeline or vessel. To remove the electrode 
the retaining ring is unscrewed and the electrode with- 
drawn until it is entirely outside the shut-off valve 
which is then closed. The electrode is then removed 
by unscrewing the extension piece. 


Flow Type Cells 

The installation of pressure type electrodes is fre- 
quently difficult and a more ccmmon method of 
making conductivity measurements on a continuous 
stream is to use a flow type cell. This is illustrated in 
Fig. 18, and it will be seen that it is divided into two 
sealed compartments, one containing the electrical 
connections and the other providing a vessel containing 
the active ends of the electrodes through which a 
continuous flow of solution can pass. Suitable pressure 
reducing and cooling equipment can be fitted in the 
sample line before the cell. 

Ihe lower cover of the cell can be unscrewed and 
replaced by a perforated guard, in which case the unit 
can be used as a dip type cell, suspended by its cable 
in the vessel containing the solution to be measured. 


Ring Type Cells 

In this case the electrodes take the form of rings, 
flush with the inner surface of the vessel or pipeline. 
They are therefore less liable to collect deposits from 
the solution and are easy to clean. They avoid dis- 
turbance of the flow pattern which has sometimes 
been found to cause measurement errors, although in 
the example shown in Fig. 6 this advantage is to some 
extent reduced by the presence of the variable area 
plungers “G” and “G1” used for temperature com- 
pensation. Three rings are used, the two outer acting 
as guard rings and defining the length of the path taken 
by the current. In the example the centre ring takes the 
form of two rings electrically connected but mechanic- 
ally separated to provide space for the temperature 
compensation device. In this way, both ends of the 
cell are at a negative potential and measurements are 
made both with and against the water flow, cancelling 
out the effects of flow rate on the measurement which 
in this case is made along the flow axis. 


Electrode Materials 

In general platinum electrodes are used. Blacking 
of the electrodes increases the area of contact and 
reduces quadrature error. This surface, however, 
may, in low conductivity solutions, become contami- 
nated by absorption of salts from previous tests giving 
rise to errors. Grey platinum coating of the electrodes 
appears to offer optimum conditions. 

In very low conductivity applications, suitable 
stainless steels can be used on a.c. circuits. 


Applications to Boiler Plant 
Because of its importance in a.c. bridge measurement 
of conductivity, the quadrature component produced 
by electrode and lead capacitance has been dealt with 
at some length. The electrode in practice behaves as if 
it consisted of two small capacitances separated by a 
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Fig. 18. Flow type ceil. 


resistance, the whole shunted by a capacitance. 

If the liquid conductivity is high, the series capacitive 
reactances become significant and it is necessary to 
use a frequency of about 1,000 c.p.s. to reduce their 
effect. Fortunately boiler feed water and turbine 
condensate have low conductivities and these series 
capacitive effects are quite small. If, in addition, 
a comparison cell is used as described under ‘“Tempera- 
ture Compensation” similar capacitances are included 
in the opposite arms of the bridge and the remaining 
effects largely cancel each other, permitting the use of a 
50 c.p.s. supply without significant error from _ this 
source. This is highly desirable since it is often required 
to have long lengths of cable between recorder and 
electrode, and this represents an appreciable capaci- 
tance shunted across the electrode. By keeping the 
frequency as low as possible the effects of this shunt 
capacitance are minimised, permitting longer cable 
lengths without significant error. Again, while the 
circuits described compensate to a greater or less 
degree for the quadrature component, its reduction to 
a minimum makes the compensation less critical. 


Electrodes for Boiler Plant 

Two types of electrode meet most requirements on 
boiler plant. One with a constant of 0-1, having 
electrodes about 1 mm apart, is suitable for con- 
ductance measurements up to 1,000 reciprocal 
megohms. The second has a constant of 0:36, because 
of the greater spacing between electrodes, and is used 
for higher conductance water such as feed water during 
treatment. 

The electrode mounting must be rigid and stable 
and a glass support fulfils most requirements. A high 
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sil mtent glass is not readily soluble in water and 
resi iigh temperatures while permitting the electrode 
to be cleaned with strong acids or alkalis should it 
accidentally become soiled. 

lt lias been suggested that liquid filled reference 
cel ay suffer a change in salt concentration due to 
leaching out of salts from the wall of the container, 
causing a measurement error. Using a low solubility 


glass such as Pyrex, however, and a moderately strong 
salt concentration, tests over long periods show very 
little change. 


Electrode Installation 

The electrode, being somewhat fragile, is best 
mounted in a strong protective housing where it cannot 
be damaged by those more accustomed to heavy 
engineering. The water to be examined should flow 
over both electrodes to maintain them at the same 
temperature, providing temperature compensation as 
described earlier. 

In addition to protection from damage, the housing 
has an even more important function, that of protecting 
the sample from contamination by air. In any boiler 
plant the atmosphere contains carbon dioxide, 
hydrogen sulphide and ammonia, and water in a high 
state of purity readily absorbs these gases, greatly 
increasing its conductivity. The danger here lies in the 
fact that the plant operatives will assume that the 
recorded values represent the state of the water in the 
boiler, not realising that they are fictitious. 

It cannot be too strongly emphasised that no leakage 
of air at all can be permitted. One part per million of 
ammonia can make a very appreciable difference to 
the conductivity as can be seen from Fig. 3. 

When high pressure and temperature water is to be 
tested it is passed through a pressure reducer and cooler 
to bring it to a convenient value below 100°C. The 
insertion electrode has installation advantages in 
certain cases but it precludes the use of the sealed 
reference cell when the temperature exceeds 100°C. 

With a properly designed reducer, cooler and 
electrode system sealed against the ingress of air, 
quite trustworthy results are obtained with simple 
equipment that can easily be serviced. 

rhe connecting wires between the electrode system 
and the recorder present no special problems if a good 
class cable is used, but it may not be out of place to 
give some idea of the quality of insulation required. 

When testing water with a conductivity of 1 reci- 
procal megohm with an electrode of constant 0-1, the 
actual measured resistance will be 100,000 ohms. Now 
if the insulation of the connecting cable should fall 
to | megohm, the effective resistance measured becomes 
90,900 ohms, a difference which constitutes an error of 
about 9°/, in the measured value. 

With lower conductivity waters which have now 
become common in boiler plants the errors become 
increasingly serious, and too much trouble cannot be 
taken to see that the wiring is in a first class condition. 

Ordinary insulating materials are quite suitable for 
the cables, but occasionally the mineral filled type 
give trouble unless the operator has taken great pains 
to dry out the cable before jointing. Further, the 
insulation tester of the Megger type, which is the yard- 
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stick of the average electrical wireman, is generally 
not sufficiently sensitive at the upper end of the scale to 
detect leakages of the magnitude which concerns the 
conductivity measurement, and in consequence wiring 
tested by these means, while often stated in good faith 
to be perfect, is in fact far from satisfactory. 

It should be remembered that the measurement of 
conductivity of very pure water has been considered 
one of the most difficult forms of measurement and 
the fact that it is now carried out with comparative 
ease does not lessen the need for stringent attention to 
details of installation and maintenance. 
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Accelerated Life Testing of Electronic Parts 


The economic feasibility of a typical electronic 
process-control system involving tight time schedules 
rests upon achieving the lowest possible rates of failure 
for the thousands of diodes used for switching purposes. 
How can each of the parts be measured quickly and 
inexpensively to assure installation of units with 
maximum life expectancy and requiring minimum 
maintenance checks during their usable life ? 

These are representative of the questions that led to 
recent studies at Stanford Research Institute, Cali- 
fornia, in the non-destructive, accelerated, life testing 
of electronic parts. Results point to a new approach 
to the problem of testing very large numbers of parts 
used in complicated electronic equipments and systems. 

Most present tests involve evaluating the suitability 
of a diode resistor, tube, or similar part on whether 
or not it operates at a specified performance level. 
This type of test does not, however, clearly indicate 
how long the part will work satisfactorily, just as the 
thickness of a tyre tread does not show how long the 
tread will last during use. Such tests also frequently 
require a period of test operation that significantly 
reduces the operational life of the part being checked. 

The new technique provides for determining from a 
very short test period, the rate of change in the impor- 
tant parameters or operating characteristics of electro- 
nic parts. From this rate of change, related to the 
duration of the test, the period during which the part 
may be expected to function at the desired performance 
level can be established. Because of the extremely 
short test duration, its life is not seriously reduced. 

A major aspect of the technique involves determining 
the one or more parameters that are the key factors 
governing the useful life of the part. Once these factors 
are identified, comparison of the magnitude of these 
parameters before and after testing provides a basis 
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for projecting the slight amount of “‘wear’’ occurring 
during the test into a prediction of future life. 

This technique is not a substitute for building quality 
into electronic parts nor for technically and economi- 
cally feasible “redundancy” (the provision of duplicate 
parts operating simultaneously to perform the same 
function). There are, however, practical technical and 
economic limits governing the use of these approaches, 
and the maximum possible reliability obtainable 
through them has almost been reached. 

The non-destructive, accelerated, life testing tech- 
nique adds another way of achieving sound performance 
production and related part dependability. It is a 
method particularly significant in relation to the ever- 
increasing quantities of parts used in complex electronic 
systems, in which totals of 200,000 parts are not un- 
usual. ; 

Further work is being conducted to refine the 
method to permit greater accuracy than the consider- 
able precision already possible in making these short- 
time measurements. 


Kelvin Hughes Instruments in 
‘*The Small World’’ 

Kelvin Hughes aviation and marine instruments 
were carried in the British balloon ‘““The Small World”. 
The crew, steering the gondola, arrived safely in Bar- 
bados on 5th January, after a 3,000 mile air and sea 
crossing of the Atlantic. 

Mr. “Bushy” Eiloart, who commanded the expedition, 
had in the specially constructed gondola—which for 
part of the journey served as a boat—a Kelvin Hughes 
aircraft compass and aircraft sextant as well as a 
Kelvin Hughes lightweight marine sextant. 
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Automatic Analysis of Measured Data 


P. J. Rademakers*, C. M. Verhagen* and A. v. Westbroek* 


Introduction 

Y continuously recording the measurement of a 

quantity much information can be gained in a 
comparatively short time but the curve recorded has no 
value in itself. In order to obtain a survey of the 
results achieved it is necessary to compress the infor- 
mation into a number of characteristic quantities. To 
this end, it is necessary to analyse the curve. This is 
still often performed manually, a process generally 
taking longer than the recording itself. The usual 
result is that expensive measuring apparatus is used 
efficiently for only a small portion of the time available. 
In the case of prolonged measurements, during which 
much information may be obtained, automatic analysis 
of the curve is, therefore, becoming more and more 
imperative. The intermediate stage of recording can 
then be omitted and this enables the measuring 
apparatus to be used more intensively. 


Determination of System Constants 

If the output quantity of a system is a function of the 
momentary value only of the input quantity, automatic 
analysis is, in most cases, not needed. But a different 
case arises if this consideration does not apply. Then, 
the output quantity is not only determined by the 
momentary value of the input quantity, but also by 
the preceding values. Such is the position when the 
system which couples both variables possesses memory. 

In order to obtain from given systems information 
concerning the characteristic quantities, the input and 
output signals have to be known for a certain period, 
after which system constants can be determined. The 
length of time required for this period may be con- 
siderable, particularly if no suitable input signal can be 
supplied. For systems without a memory, too, record- 
ing and analysis with respect to time have sometimes 
to be carried out. 

This situation arises when, in defining the quantity 
to be determined, time is introduced. If, for example, 
the output of a measuring instrument is recorded as a 
function of time while the input signal is zero, the 
quantities characterising the zero stability can be 
determined from the recorded curve. If the zero 
stability is repeatedly determined in the way described 
above, it may turn out to be different each time, even 
under non-varying external conditions. But if, in 
analysis for increasing time intervals, these quantities 
converge into a definite value, the quantity defining 


* ‘ : : . 
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ment of the Organisation of Applied Scientific Research in 
the Netherlands. 


FEBRUARY 1959 


zero stability will become another system constant. 

However, the quantity defined is not necessarily a 
system constant. It may, for example, also indicate 
the condition of a system at time t. 

In this article, the theoretical background of the 
definition will not be discussed. The aim of the analysis 
is to determine the value of a defined quantity from one 
or more time series of information (curves). This 
quantity may consist of one or more numbers. It may, 
for instance, be defined as being: 

1. The number of times the curve has passed 

through zero. 

2. The number of times the curve has passed 

through a maximum. 
If this is done, the defined quantity progresses dis- 
continuously with time and the result will always be a 
whole number. 

On the other hand the quantity determined from 
the curve(s) may be obtained continuously. If, for 
instance, it has been defined as the total area below a 
curve, it can be obtained continuously with the aid 
of an integrator. 

Only the analysis in which the defined quantity is 
obtained discontinuously from one curve will be dis- 


cussed below. 


Definition of Characteristic Quantities 

The definition should always specify the mode of 
analysis in such a way that only the quantity which is 
important for the purpose for which measurement was 
carried out is determined. 

To this end, the definition has to be adapted to the 
accuracy with which measurement and recording were 
performed. If, for instance, only the number of maxima 
of the quantity measured are required in the definition, 
the values found may, even in an ideal analysis, 
differ considerably from the correct ones, since in an 























Fig. 1. 
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ideal analysis the number of maxima found will not 
only be determined by the quantity measured but also 
by the errors (fluctuations) of the measuring apparatus. 
The definition has also to be adapted to the accuracy 
of approximation, since the quantity obtained is 
frequently used in approximation theories. If, for 
instance, a distinction is made in the definition between 
an amplitude A and (A +A), and in theory AA 
yields a variation far below the approximation error, 
the analysis will have been specified too narrowly by 
the definition, resulting in an unjustified expenditure. 

Besides the modification of the definition to errors 
in measurement and theoretical basis, the analyser 
itself necessitates an adaption in definition to cover its 
non-ideal behaviour. 


Introduction of a Threshold Value 

For determining the defined quantity from the curve 
measured, it is often necessary to indicate certain 
salient points, such as zeros, reversals, etc. Fluctua- 
tions and other imperfections in the analysing and 
measuring apparatus will also give rise to such points. 
Without a threshold these fluctuations would result in 
a considerable error in indications. By the adoption of 
a threshold value the undesired points may be elimi- 
nated. The manner in which one or more threshold 
values may be introduced depends on the method of 
indication. In indicating a zero point, for example, use 
may be made of the fact that two values, A and B, 
exist on the curve in the vicinity of a zero point, for 
which A<O<B. In so doing, a threshold value may be 
introduced by stipulating that for indicating the zero 
point both A—O and B—O shall exceed a value F. 

The magnitude of the threshold value F is not always 
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determined by errors in measurements or accuracy of 
approximation, but sometimes by the theoretical 
basis of the definition. 


Classification of Indicated Quantities 

Besides indication, a classification is required in some 

cases. It may be necessary to discover, for instance, the 
number of times that the vertical distance between two 
successive reversing points has occurred between 
ndA\h and (n 1)Ah. In the expression, n represents 
a whole number between O and N. The degree of 
fineness of analysing is determined by the magnitude of 
N, which indicates the number of sections, Ah, in 
which the range of measurement has been divided. In 
determining the magwitude of these distances dis- 
continuously, either of two methods may be used: 

1. A distance, a fixed division of the range into 
sections, is used as a basis. 

2. Alternatively, a scale, the zero of which may be 
made to coincide with the previous reversing 
point (A in Fig. 1) can be used. When method | is 
applied, the total range of measurement is 
divided into sections, as shown in Fig. 1. The 
magnitude of the change (A—B) will then be 
determined by the number of levels between the 
reversing points A and B. If the variation (A— B) 
is moved perpendicularly to the levels, the number 
of levels between A and B may, however, vary 
between 2 and 3. This means that with this 
method a different amplitude can be assigned to 
the same change. This equivocality does not 
occur with method 2. 

By making use of a large number of sections with 

method 1, so that a section becomes small in relation 
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to .\h, this equivocality may be reduced. The number 
of levels measured may then be rounded off to a 
multiple corresponding to Ah. By increasing the 
number of levels the second method can be approxi- 


mated more and more closely. 


Descriptions of Analysers 

A semi-automatic analyser operating with fixed 
levels in the range of measurement has been constructed 
by our laboratory to the order of the Laboratory for 
Vehicle Technique of Delft Technological University. 

The apparatus has been designed for the analysis of 
accelerations recorded on paper strips in vehicles to 
determine their comfort. In this analyser, the range of 
measurement is divided into 72 equidistant levels, and, 
with the aid of 10 counters, it indicates the number of 
times a change in acceleration of 8, 16, 24, 32, etc., 
sections has occurred. 

The analyser is only an intermediate step towards 
direct analysis, which, for solving this problem, would 
mean a considerable saving of work as compared with 
the curve analyser. 

The instrument operates as follows: 

During analysis, the curve is followed by a hand- 
controlled tracker. The tracker has an optical grid 
attached to it, as shown in Fig. 2, which can be moved 
along a fixed one. In certain positions of the moving 
grid, a light source installed in front of the two grids 
throws light on to a photo-cell placed behind the fixed 
grid. As the tracker is moved, voltage impulses are 
applied to resistor R. Since the grid constant is small, 
sharp pulses are produced even when the grid is 
moving slowly. These pulses can be amplified by an 
a.c. amplifier. At the output of this amplifier, a 
Schmitt trigger is placed producing pulses of constant 
amplitude and steep Sanks. The pulses thus obtained 
are transmitted to an electronic counter of the binary 
type. The reading of this counter, therefore, indicates 
the shift of the grid expressed in units equal to the grid 
constant, corresponding to 4 of the range of measure- 
ment. 

When a reversing point, indicated by a switch on 
the lever, is passed, the electronic counter is read with 
the aid of a relay circuit (see Fig. 2), which operates 
the counters related to the binary numbers in the 
electronic counter. 

Since the relays of this circuit are only controlled 
by the “‘on’’ positions of the 8, 16, 32, and 64, a rounding 
off to eight units is obtained. 

The threshold value F is obtained by making use of 
backlash of the switch on the lever. 

After a reading, the electronic counter is auto- 
matically reset so that the analyser is ready to receive 
the next series of pulses. The time required for the 
transfer of the position of the electronic counter to the 
mechanical one would normally considerably restrict the 
velocity at which the tracker may be passed through a 
reversing point. 

To obviate this limitation, the electronic counter is 
reset directly a reversing point has been passed through, 
while the translation matrix holds until the mechanical 
counter has counted. The analyser described above 
approximates the method of the movable starting 
point, so that, owing to the 72 levels, the result on the 
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ten counters has an error only one-eighth of the error 
obtained when the number of levels is chosen equal to 
the number of counters. 

The next step in the procedure is the one in which 
variations are classified not only according to amplitude 
but also to their mean values. In this case, an amplitude 
nh and a mean value M are assigned to each variation, 
M being the value of the quantity measured halfway 
between two successive reversing points. The total 
number of possible variations with a range of measure- 
ment of the order of H is shown in Fig. 3. In this figure 
each point within the triangle pqr (with base H) repre- 
sents a possible variation with a definite amplitude and 
mean value. Point T, for instance, represents a varia- 
tion with amplitude A, and a mean value M,. The 
height of the triangle must equal H, since this is the 
maximum amplitude that can occur within the range 
of measurement, H. It is essential that the corres- 
ponding mean value should be zero, because the 
measured variation cannot lie partly outside the range 
of measurement. 

The classification of the variations with respect to 
amplitudes and mean values present in a measured 
curve can again be carried out on a fixed division 
basis within the range of measurement or a division 
with a movable zero point. The analysis with the aid 
of a fixed division will be discussed here. The simplest 
method is the one in which the magnitudes of amplitude 
and mean value are determined according to the same 
levels in the range of measurement. The analysis can 
then be specified as follows (see Fig. 4). The amplitude 
of a variation is equated to the number of levels 
between two successive reversing points. The mean 
value is equated to the value of the level halfway 
between the two reversing points. With an even 
number of levels between the reversing points, the 


-mean value halfway between the two middle levels is 


taken as the mean value. 

If the range of measurement is divided up by n 
levels, n + (n—1) + (n—2) + .... 4+ 241 
different kinds of variations can be distinguished. For 














Fig. 3 


INSTRUMENT PRACTICE 191 





A 


cU 


rrr? 























mean value A-B mean value C-D 


Fig. 4. 


n=9 the points in the triangle pqr (Fig. 3) are divided 
into 45 groups as represented in Fig. 5. According to 
the definition, the variations corresponding to points 
within a certain quadrangle of Fig. 5 are assumed to 
have the same amplitudes and mean values. 

In the analysis, a counter is assigned to each 
quadrangle, thus showing the number of variations that 
belongs to the corresponding quadrangle. Since the 
variations are distinguished here according to both 
amplitude and mean value, the analysis will be un- 
ambiguous. Theoretically, a variation with a definite 
amplitude and mean value always finds its place in the 
same counter. Owing to the threshold value which has 
necessarily to be applied in the analyser, an error may, 
however, still occur in certain cases. 

To the order of the Shipbuilding Department of the 








——» mean value 
Fig. 5. 


Delft University of Technology, an analyser operating 
according to the definition given above has been con- 
structed in our laboratory. 

The first design described was developed by one of 
us for a thesis in the Instrumentation Group of the 
same University*. This analyser works automatically, 
being capable of dealing with electric currents directly 
eliminating the recording stage. 

For the total analysing range a current of approxi- 
mately 18 pA is required, so that direct analysis of the 
output of a strain gauge bridge is possible. 

The result appears on forty-five counters. The 
apparatus analyses frequencies between 0 and 0-1 c/s 
for maximum amplitudes and from 0 to 1 c/s for 
amplitudes being 4 of this value. The equipment 
has been constructed for analysing the strain in ship 
construction in connection with fatigue research. 











* See also the article ‘‘A special stress analyser for use on 
board ship’, in International Shipbuilding Progress, May, 
1956. 


CONTROL SYSTEM ANALYSER 


OMPLETE information is now available on the 

new control system analyser developed by Short 
Brothers & Harland Limited and exhibited for the 
first time at the Electronic Computer Exhibition at 
Olympia in November last. 

The instrument incorporates the low frequency 
decade oscillator already developed and marketed, 
together with a newly designed companion unit 
embodying a phase sensitive voltmeter. It facilitates 
the investigation of feedback control systems and 
components over the same frequency range as that of 
the oscillator (0-01 to 110 cycles per second). It 
appeared that existing commercial equipment was 
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inadequate from three important aspects: 

1. Meter indication. Meters with a rapid response 
are difficult to read due to the continual movement of 
the pointer at the lower frequencies. Meters with a 
slow response, such as the hot-wire type, are un- 
acceptable in everyday use and unsuitable on the lower 
frequency ranges. 

2. Harmonic rejection. The majority of control 
systems contain some non-linear elements, which pro- 
duce harmonics of the sinusoidal signals used for 
testing. The distortion due to such harmonics must 
have a negligible effect on the voltmeter, if accuracy is 
to be maintained. 
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Fig. 1. Control system analyser: phase sensitive voltmeter section. 


3. D.c. rejection. The outputs of many control 
system components contain an appreciable d.c. bias. 
Such a bias must not cause inaccurate meter indication. 

To overcome difficulties (2) and (3) above, the instru- 
ment evaluates the Fourier expression for the “‘in 
phase” and ‘‘quadrature’”’ components of the funda- 
mental in the waveform under test. For the funda- 
mental, the components are: 


1 (2x 


ay le sin wt F(t) doot. 
1 (2x : 
and b, | coswt F(t) dot. 
n JO 


To allow integration with respect to time these are 
converted to: 
a i sinwt F(t) dt. 
nx JO 


oT 
and b, = — i coswt F(t) dt. 
Tq. 


Here F(t) represents the waveform at the output of 
the system under test. Thus, to obtain ‘in phase’’ 
component the output waveform is multiplied by the 
reference voltage, sin ot, and the product obtained is 
integrated over a time T equal to the period of cne 
cycle. The integral is then multiplied by the scaling 
factor w/z. 

The integration time is governed by the relay (see 
Fig. 1) which itself is controlled by the timing unit fed 
from the reference signal. This circuit is arranged to 
energise the relay for exactly one cycle. At the end 
of this period the relay opens and the integrator main- 
tains the reading of the meter steady for a long period. 
In this way, difficulty (1) above is overcome. 

The scaling factor w/z depends upon the frequency 
under investigation and is set by switches controlling 
the integrator time constant. 

[he latest printed circuit plug-in techniques are 
employed for reliability. It contains seven “book 


’ 


type’”’ continuously drift corrected d.c. amplifiers and 
has the following performance characteristics. 
The following are brief particulars: 


Oscillator Section 

Frequency: 0-01 to 109 cycles/second. 

Accuracy: +2%. 

Direct Output: 20 volts peak at 15 milliamps maxi- 
mum. Amplitude controlled to +1% by built- 
in control circuit. 

Attenuator Output: Variable from 0 to 20 volts peak 
by precision ten-turn potentiometer. 

D.c. component of output less than 100 micro- 
volts on direct output and correspondingly less 
on attenuator output. 

Ramp Voltage Output: Positive or negative, variable 
from 0-1 to 100 volts/second. Maximum 20 volts 
at 15 milliamps. 

Step Voltage Output: Positive or negative, 20 volts 
at 5 milliamps maximum. 


Phase Sensitive Voltmeter Section 

Voltage Range: 0 to 150 volts in 8 ranges on centre 
zero meter. 

Reference Supplies: Direct internal connection of 
required sine and minus cosine from the oscilla- 
tor section. External terminals are also provided 
to allow operation with an external oscillator. 

Meter: The meter pointer comes to rest when the 
integration is complete; the stored integral 
voltage is then displayed as a steady deflection. 
The inaccuracy inherent in reading the wander- 
ing meter pointer of earlier commercial units has 
therefore been removed completely. 

Harmonic Rejection: Better than 40 decibels on all 
ranges. 

D.c. Rejection: D.c. is completely rejected provided 
the sum of signal and d.c. voltages does not 
exceed the full-scale reading. 

Further information may be obtained by using the 

reply paid form. 
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LABORATORY INSTRUMENTATION 
IN THE OIL AND CHEMICALS INDUSTRY’ 


By R. J. Taylor, B.Sc., F.Inst.P. 


General Survey 

gee place ca ne sear is a word with many shades 

of meaning but broadly we think of it as replacing 
human observation or manipulation. And we who use 
instruments, twiddling knobs and reading dials or 
tearing off charts, may think our job enormously 
simplified until something goes wrong and we have to 
look behind the panel. Then we realise how complex a 
matter it is. Furthermore, when we come to consider 
laboratory instrumentation, particularly with reference 
to the Oil and Chemicals Industry, we can no longer 
avoid the finer shades of meaning. 

Let us first consider the matter as it might affect 
established use. As in all other industries, throughout 
the Oil and Chemicals Industry there are control 
laboratories, and research and development labora- 
tories; and control laboratories, over the years, have 
built up systems of analysis—mainly chemical, but 
also including some simple physical measurements such 
as density, viscosity, refractive index, etc.—which 
serve their particular needs. Much of the work is 
repetitive—and boring—and can lead to production 
bottlenecks. Such work is ripe for instrumentation, but 
to what extent? The methods are used specifically for 
production control and merely to instrument them for 
laboratory use may be to dally unnecessarily halfway. 
Logically they ought to be instrumented out of the 
laboratory and back to the plant. Then we shall have 
gone full circle, from plant to laboratory to plant, with 
instruments replacing the old rule-of-thumb plant 
inspections. And we will have taken this particular 
point out of my terms of reference! However, not 
all laboratory methods are susceptible to such complete 
instrumentation. 

Instrumentation in this sense means a conversion to 
automatic or semi-automatic operation. But there is 
another sense in which instrumentation is involved and 
that is in the measurement of physical parameters as 
an aid to the analysis or investigation of chemical 
products. This sort of instrumentation has been with us 
for a long time in an elementary form. We have only to 
think of balances, calorimeters, viscometers, refracto- 
meters and polarimeters, for example, but the distinc- 
tion in kind becomes less clear-cut when we observe 
that a number of these old-established instruments 
have now been further instrumented. 

Perhaps the classic example of instrumentation of 
instruments is spectrometry, and it is a particularly apt 
example in that it ushered in the modern era of labora- 
tory instrumentation based on physical methods of 
measurement. It first established itself in research 
laboratories in its basic forms, with photographic 
measurement in the u.v. region and visual measurement 
in the visible region. Then towards the end of the last 
war the first photo-electric models appeared and dis- 
closed their vastly improved quantitative performance. 





*—Based on the opening talk to a Discussion Panel of the 
S.I.M.A. Convention, Harrogate, November, 1958. 
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Nowadays no self-respecting laboratory dare be witliout 
one. In the meantime a number of recording spectro- 
photometers have appeared with a nominal coverage 
from 185 my to 2 yp, but I might add a word of caution 
here. It is necessary with such instruments to balance 
the twin light paths by a series of helipots for any given 
solvent. Nothing is gained, then, in convenience or time 
if measurements are required at a small number of 
fixed wavelengths, but much is gained if a number of 
complete absorption curves are to be run. 

Since spectrometry made its first vital impact on 
laboratory techniques there have been several develop- 
ments. Chromatography is of first importance among 
these, and one form—gas liquid chromatography—is 
likely to rank equal to spectrometry throughout the 
chemical world. And there are electrophoresis, differen- 
tial thermal analysis, zone melting, and what the 
Americans call ‘‘oscillometry’’, an ingenious method of 
utilising minute inductive or capacitive changes in a 
near-oscillatory electronic circuit. This has many 
potential applications. Flame photometry is a particu- 
lar application of emission spectroscopy to trace- 
component analysis that has languished for years 
because of the inadequacy of available equipment, but 
is now coming more into its own. 

Then there are the so-called specialist techniques 
calling for relatively expensive equipment and _ for 
specially trained personnel. They are mostly to be 
found in research laboratories, although one does hear 
occasionally of their use in process control. It will 
depend, of course, on the overall balance of cost. 
The techniques I am referring to are those of electron 
microscopy, X-ray analysis, radiotracers, mass spectro- 
metry and nuclear magnetic resonance. Infra-red 
spectrometry is in a transitional state. It will always 
remain an important research tool, but robust instru- 
ments are now appearing, still relatively costly on a 
works laboratory basis, but a well-justified expense for 
many types of process control work. 

What I have done so far is to survey the subject of 
laboratory instrumentation as it exists and you will 
realise that it offers a very mixed bag. And that, 
perhaps, is as it should be. It is indeed the impression 
anyone would get on going through any research or 
works laboratory. Instrumentation should never come 
in merely for the sake of instrumentation, but to ease 
some tedium, to free some bottleneck, to provide more 
accurate measurement, or to use some new parameter. 
Our own requirements range right through from the 
simple to the complex. Sometimes we have had to 
import because of the lack of British instruments, and 
sometimes we have had to make because of the lack 
of any instrument at all. 

What I wish to do now, therefore, so far as I can, is 
to survey the present needs of laboratories and to see 
how far they are met by the scientific instrument 
industry. In a way I write with hindsight, for the 
repercussions of my original contribution to the 
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Harrogate Convention have left me a wiser, but not a 
sadder, man. Nevertheless, the main points are worth 
reiterating. But I would emphasise that they are made 
of the industry as a whole; for each one of them I 
could, of my own knowledge, pick out the occasional 
company to which it does not apply. 


Specific Points 

lhe first point is one of technical representation at 
scientific exhibitions. Laboratory managers know the 
problems they have to deal with and they can make a 
short list of potentially useful instruments; but it is 
disturbing for such people to find themselves talking to 
a sales representative who knows little beyond the 
superficialities of the instruments he is there to sell. 
It has been observed that (a) it is a matter of some 
difficulty to have a representative thoroughly con- 
versant with all the exhibits that may be on view: (b) 
to have technical people in attendance would necessi- 
tate withdrawing them from productive work. Such 
observations underline the forlornly low rating given 
to technical salesmanship. 

The second point concerns delivery times. There are 
two points here really, one of simple delayed delivery, 
and one related to the import of foreign instruments 
which is allowed if the delivery time is no more than 
half that of a comparable British instrument. The fact 
that a delivery time twice that of imports is allowed for 
a British instrument is itself a reflection on the efficiency 
of the industry. Furthermore, the instrument maker 
need only declare his ability to deliver within a stated 
period. He is not bound to do so and experience 
generally is that he often does not. The foreign instru- 
ment maker mostly does so. Here hindsight tells me 
that deliveries of instruments are delayed, sometimes, 
because deliveries of components to the manufacturers 
are delayed and so they suffer a similar sort of frustra- 
tion. Sometimes, too, a manufacturer must meet his 
export quota within a stated period and he does so at 
the expense of his home customer. This, conversely, is 
held to explain the prompt delivery of imports. If the 
home customer were told of export requirements he 
would be more resigned to the delay. But not all 
delays are due to this cause. Basically, there is a need 
for manufacturers to meet their scheduled delivery 
dates. In fact we customers have become so used to 
long delays that it might be good psychological practice 
deliberately to post-date delivery, and delight us by 
delivering before the equipment was nominally due. 

The third point relates to conservatism of approach. 
It is fair to state that most of the drive for laboratory 
instrumentation has come from the United States. It 
is argued that the potential British market is so much 
less than the American market that it inevitably limits 
the scope of the British instrument maker. But we 
know that some British manutacturers are taking 
advantage of foreign markets to extend their range of 
Instruments and their scope of manufacture here. Yet 
too often at home the manufacturer waits to be certain 
of his market before taking the plunge. In America 
we find a marked trend towards the instrumentation of a 
variety of physico-chemical estimations, such as 
phosphate and sulphur assays: but not so here. Not 
that one expects the British manufacturer to copy his 
American counterpart, but there is a need for some 
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independent and venturesome assessment of future 
needs. The limitations of the non-recording u.v. 
spectrophotometer have been apparent ever since the 
recording i.r. spectrometer appeared. Yet, eight years 
after, there is not a recording British instrument avail- 
able. 

In the caseofgas chromatography, oneofthe most revo- 
lutionary techniques in the whole of analytical and pre- 
parative chemistry, it is only this year that an adequate 
analytical instrument has appeared in this country. So 
late as May, for the needs of our works laboratories, 
we were almost committed to the commercialisation of 
apparatus we had built ourselves for research purposes. 
There is no sign at all that manufacturers are giving 
more than thought to preparative-scale apparatus. It 
may be that there is a need here for closer collaboration 
between the instrument makers and industry to ensure 
that the right kinds of instruments are developed. 

There is scope too with the older systems of partition 
and adsorption chromatography, somewhat neglected 
nowadays for lack of suitable detecting devices for 
colourless or non-absorbing zones. Two possibilities 
that might profitably be explored are (i) a variant of 
the ‘“‘oscillometry” technique mentioned earlier and 
already used successfully for amino acids and (ii) 
differential refractometry. There are many mixtures 
waiting to be separated that cannot be volatilised for 
separation by gas chromatography. 

There is a dearth of instruments, too, for rheology 
and for differential thermal analysis, a refined form of 
heating curve technique. Some equipment, I now 
understand, is available for mineralogical ranges, but 
the range below 500°C is not catered for. 

There is no modern and non-controversial apparatus 
for measuring colours of materials. There is still only 
one good thermostatic bath on the market and the best 


* thermostats for refractometers are still imported. There 


is no acceptable automatic laboratory titrator, although 
here again hindsight tells us that some are around the 
corner. pH meters in general, and their electrodes in 
particular, are not as reliable and robust as laboratories 
would like. There is no universally reliable method of 
measuring the water content of materials. 

It may be that from the Research Department of a 
single firm in the Oil and Chemicals Industry I get a 
somewhat foreshortened view of the needs of the 
industry as a whole; but I am emboldened by the 
recent publication of the Proceedings of the Congress 
on Modern Analytical Chemistry in Industry, 1957 
(Heffer and Sons Ltd.), to think that this foreshortening 
does not greatly distort. These Proceedings do reflect 
the modern trend towards new instrumental methods of 
analysis and underline in places the lack of suitable 
equipment. I can state only what I and my colleagues 
have noticed, and some of our needs may be localised. 
I think, however, that if SIMA were to circulate the 
whole of the industry with a questionnaire there would 
come from it a neat core of necessities from which a 
start could be made. But it would be only a start. 
Many laboratories do not even recognise their own 
needs and SIMA can play a part here in improving the 
efficiency of industry by educating it in laboratory 
instrumentation and publicising the advantages of 
conversion. 
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Automation Instrumentation at 
Vauxhall Motors 


Part 2 


by Rolt Hammond, A.C.G.I., A.M.I.C.E. 


Following Part I which dealt with the automation equip- 
ment for body production, the author here describes 
automatic grinding control and automatic inspection 


equipment. 


Automatic Grinding Control 

HE Sigma Instrument Company, in collaboration 

with Vauxhall Motors Ltd., and the Newall 
Engineering Co. Ltd., have installed Sigmatrol machine 
control equipment at the Luton works, applicable to 
both fully and semi-automatic operation of plunge 
cylindrical grinders designed to grind the crankpins and 
stub ends on four-cylinder crankshafts. For this 
grinding process, a gauge is normally applied to the 
work before grinding starts and during removal of 
stock, providing a signal to withdraw the wheel when 
a predetermined size has been reached. 

A Sigma grinding caliper is fitted to each of two 
Newall plug grinding machines, designed to grind two 
crankpins of the four-pin crankshaft. Each caliper 
moves forward with the work steady on the machine, 


*For a full description, see the article by F. R. Boosey in the 
November, 1955, issue of Instrument Practice, page 1067. 





Size at dart of grinding. 





locating on the crankpin being ground. As metal is 
removed from the surface of the crankpin, a calibrated 
air valve mounted in the caliper causes the electro- 
pneumatic capsule unit in a_ two-stage Sigmatrol 
controller to inflate in accordance with the diameter 
of the pin.* 


When this diameter has reached a predetermined 
dimension, electrical contacts in the capsule close and 
cause an electrical impulse to be submitted to the 
electrical controls of the machine, thereby causing the 
rate of plunge feed to change from rough to fine (Fig. 1). 
This fine feed will continue until the diameter of the pin 
has reached the required dimension, whereupon the 
Sigmatrol controller unit emits a second electrical 
impulse to the machine, causing the wheelhead of the 
grinder to be withdrawn and the crankshaft to index, 
thus bringing the next unground crankpin in front of 
the grinding wheel. When the crankshaft has reached 
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Fig. 1. Phases in grinding with Sigmatrol control. 
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Fig. 2. Air-operated dial. 


this position, the wheelhead again advances under the 
control of the grinding caliper and Sigmatrol, and this 
pin is ground to the correct diameter as described above. 

The correct size having been reached, the wheelhead 
is withdrawn and the crankshaft is replaced manually 
by the next one to be ground. During the entire period 
for which the pin is being ground, a dial fitted in the 
front panel of the Sigmatrol provides a visual display 
of the crankpin diameter. Five single-stage Sigmatrol 
controllers and twin dial calipers are employed to con- 
trol five Newall plunge semi-automatic operation 


— "rea 
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Transfer type crankshaft inspection machine. 
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cylindrical grinders for four-cylinder crankshafts, 
When the grinding wheelhead on each machine starts 
to grind a crankpin, a twin-dial caliper is placed on the 
pin by hand and a mechanical dial mounted on this 
caliper gives a visual indication of the removal of the 
greater part of the stock from the pin. When the pin 
grinding operation has reached a stage where the 
crankpin is within 0-002 in. of the finished size, an air- 
operated dial of high magnification, also mounted on the 
caliper, gives a visual indication of final approach 
to size (Fig. 2). When the required pin diameter has 
been reached, a Sigmatrol controller connected to the 
caliper emits an electrical impulse to the machine 
controls, causing the grinding wheelhead to be with- 
drawn. The crankshaft is then indexed hydraulically, 
by manual operation of a control lever on the machine, 
to bring the next crankpin into the grinding position. 

Thereafter, the sequence of operations continues until 
all four crankpins have been ground to finished size. 
In order to control the grinding of the stub end on the 
crankshafts, two two-stage Sigmatrol controllers are 
provided which operate in conjunction with counter- 
poise calipers and are mounted on two Lund Precimax 
plunge cylindrical grinders of semi-automatic operation. 
This operation is controlled by the Sigmatrols in a 
manner closely resembling the procedure used on the 
two Newall grinders. 


Automatic Inspection Equipment 


The transfer type crankshaft inspection machine 
shown in Fig. 3 has been designed for six-cylinder crank- 
shafts; this machine is designed to inspect 56 dimensions 
simultaneously, and the four-cylinder inspection 
machine can check 41 dimensions. The crankshaft is 
automatically transferred into a pair of vees in the 











Fig. 4. Motorised driving unit with clutch assembly. 


loading bay from a Dawson washing machine in which 
all grease and dirt is removed, and a motorised driving 
unit with a clutch assembly is brought forward into 
contact with the flange of the crankshaft (Fig. 4). The 
latter is then turned until the crankshaft pins are 
located radially and in correct position for transfer to 
the gauging station; one pin is rotated to a fixed stop, 
and simultaneously a micro-switch is operated to 
indicate correct positioning. The moving carriage and 
crankshaft lifting unit, comprising two sets of claws, is 
mounted on roller slides and operated by compressed 
air; these pick up both the shaft in the load bay and the 
shaft previously inspected in the gauging station (Fig. 5). 
They lift them above the stations, lowering the 
shaft to be inspected from the load bay into the gauging 
station, and the shaft previously inspected is trans- 
ferred to the unload bay. 

The crankshaft, as soon as it has been lowered into 
the measuring station, seals off two air jets when it has 
been correctly positioned. This procedure ensures that 
if an incompletely machined shaft is offered to the 
machine and will not correctly enter the gauging 
station, the measuring probes used on the static check 
will not be thrust forward, thereby preventing any 
serious damage to the measuring heads under such a 
condition. Following correct loading of the crankshaft, 
the static gauging elements are fed into position; 
dimensions 1 to 18 on the four-cylinder inspection 





Fig. 5. Moving carriage and crankshaft lifting unit. 
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machine and 1 to 27 on the six-cylinder machine ire 
inspected, the results of which are indicated clearly 
by the Liquicolumn indicator. ‘ 

Static dimensions having been inspected, the crank- 
shaft is automatically turned to facilitate inspection of 
roundness of crankpins, roundness of journals and 
squareness of flanges. Rotation of a crankshaft is by a 
motorised unit with two drive rollers, the pressure of 
these on to the crankshaft flange being effected through 
a trunnion mounted pneumatic cylinder device. As 
the crankshaft is turned in two fixed vee units about 
the end main journals, vee units of special design 
mounted on a roller slide with counterpoise weights 
follow rotation of the crankpins. Since the measuring 
air is switched on during rotation, an infinite nutmber 
of diameters on the pins and on the journals can be 
inspected, the liquid in the indicator unit responding 
in level according to the variation of diameter, whereby 
a precise measurement of roundness is obtained. 
Following this rotational check, the crankshaft will 
automatically be stopped with the crankpins in correct 
radial position for withdrawal from the measuring unit. 








Fig. 6. Visual inspection at unload bay. 


As described above, the overhead carriage will lift 
and transfer the measured crankshaft from the gauging 
station to the unload bay (Fig. 6), where it is supported 
by two vee blocks so that the operator can inspect 
the crankshaft for any surface blemishes or defects. 
Whilst this visual inspection proceeds on the crank- 
shaft just transferred from the gauging unit, the new 
crankshaft which was simultaneously loaded in the 
gauging station will have been automatically inspected 
for static dimensions as described. The shaft will have 
started to rotate for out-of-roundness inspection 
features, hence as soon as the operator has been 
thoroughly satisfied that there are no surface defects, 
he can at once check the results of static inspection 
by looking at the indicator unit and seeing the results 
of static inspection on the second shaft now locked on 
the indicator. 
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Fig. 7. Sectional view of electro-pneumatic capsule unit. 


Future Inspection Developments 

The design has been so arranged that in future it may 
be possible, if required, to fit a two-way transfer 
arrangement from the unload bay and thus enable the 
machine to operate automatically. This means that 
if a crankshaft has been inspected and passed, one of 
the transfer mechanisms will receive an impulse to 
move the shaft automatically towards the assembly 
line; conversely, if a crankshaft is rejected on any one 
or more of its dimensions, this fact will be recorded on a 
punch card. The Liquicolumn indicator unit has been 
designed so that the tubes indicating static dimensions 
(1 to 18 on a four-cylinder machine and 1 to 27 ona 
six-cylinder machine) are separated from the tubes 
indicating rotary dimensions (19 to 41 on the four- 
cylinder machine and 28 to 56 on the six-cylinder 
machine). 


Capsule Unit 

Each measuring circuit is provided with a special 
electro-pneumatic capsule unit (Fig. 7) which responds 
to a differential measuring pressure, the latter being 
that which will cause the indicator unit to rise and 
fall when plus and minus measurements are made 
respectively. If the component has a greater dimension 
than that specified, the capsule will be inflated by the 
pressure inside it, increasing in relation to the pressure 
outside the capsule; conversely, if the dimension is 
under the size required, the capsule will be deflated. 
Electrical contact screws are fitted so that as the size 
of the component nears the boundary conditions in 
either a plus or minus sense, a silver contact on the 
capsule will complete an electrical circuit over the 
adjustable contact screws. The circuits to the indicator 
lights will thus be closed and an electrical impulse will 
punch the inspection cards in accordance with the 
measured dimensions, which have been revealed as 
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incorrect. The unit incorporated in this machine is a 
standard Hollerith card punching device, from which a 
card is delivered with each rejected component. 


Signal Retaining Device 

Following each of the main machining operations on 
a crankshaft, a comparatively simple inspection appara- 
tus has been developed by the Sigma Instrument Co. 
Ltd., this equipment has been designed with the aim 
of providing dimensional information about crank- 
shafts during production in order that manufacture 
shall be strictly controlled within the appropriate 
limits. With the Liquicolumn indicator unit, the 
operator is kept informed as to the actual size of the 
shaft immediately after it has been machined, but its 
more important function is to provide information as 
to whether the manufacturing process is stable or 
unstable; this is possible for the simple reason that the 
Sigma signal retainer unit is fitted to all Liquicolumn 
indicators. 

When a component is placed in the inspection unit, 
the size of each dimension inspected is indicated by the 
height of the liquid in each of the separate tubes. By 
using a signal retaining device, the result of inspection 
is retained on the indicator panel after withdrawal of 
the component from the inspection unit. When a 
second component to be inspected is mounted in the 
inspection unit, the appropriate section of each pneu- 
matic circuit connected to the measuring units will 
take up a pressure related to the size of the part being 
measured, whilst the portion of the pneumatic circuit 
incorporating the indicator tubes will remain at a 
pressure corresponding to the size of the first part. 

By depressing a foot pedal, the operator causes the 
pneumatic circuits to take up pressures corresponding 
to the size of the inspected dimensions on the second 
part, and, as this change takes place, the height of 
liquid in each indicator tube moves from that position 
where it precisely indicated the size of the first part to 
the position where it reveals the size of the second 
component. By observing the amount of this movement 
and its relationship to the permitted tolerance, it is 
possible to gauge the relative difference in size between 
the two parts, so that the stability of the manufacturing 
process associated with each inspected dimension can be 
accurately assessed. 

When a production process is controlled by the 
instrumentation described, the inspection operation 
takes only about one minute to expose all the technical 
information otherwise obtained by the cumbersome 
procedure of plotting and analysing a process control 
chart, which may take as long as 90 minutes to prepare. 
This represents a considerable waste of production 
time, and moreover the method described has the 
great advantages of simplicity and high precision. 
There are five fixtures on both the four-cylinder and 
six-cylinder production lines, all very simple in opera- 
tion, requiring the operator either to load the crank- 
shaft directly into the measuring unit, or into a load 
station mounted on a roller slide way, which carries 
the shaft into the measuring position. Pneumatic 
sequence control is fitted on all fixtures where necessary, 
in order to reduce operation procedure to a minimum. 


(Part 3 will appear in the next issue.) 
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Computer 
Speeds Up Steelwork Design By 50 Times 


Introduction 

Y using a Pegasus electronic computer to make 

the detailed calculations, the design of steel floor 
structures is now being carried out fifty times faster 
than by the conventional manual computation. This 
important new advance in the structural engineering 
field has been pioneered by United Steel Structural 
Company, of Scunthorpe, working in collaboration 
with the department of operational research and cyber- 
netics of the United Steel Companies, Limited. 

It means that the design of a floor framework can 
now be completed within two days of receiving floor 
plans, while subsequent changes in design—even up to 
the fabrication stage—can be recalculated with equal 
speed. Both the initial data and the final calculations 
are communicated between Scunthorpe and Sheffield by 
means of a teleprinter link. 


Design of Floor Structures 

The design of floor structures formerly absorbed a 
major part of the time of United Steel Structural’s 
design office staff. It was therefore selected as a suitable 
task for the computer when investigations into the 
possibility of speeding up the work of steelwork design 
were started a year ago. Now that floor design can be 
completed so much faster, the time required to prepare 
final estimates has been correspondingly reduced. 

Many large buildings today have precast, reinforced 
concrete floors, supported on a_ steel framework. 
Working from the architects’ plans for the building, 
the structural engineer has to select the lightest and 
most economical section for each beam in the frame- 
work from among the standard steel sections which are 
available to him. This entails four different sets of 
stress calculations for each beam; if a section is not 
satisfactory by all four tests, then the next size larger 
is investigated until one is found to meet the conditions. 
A similar process is repeated for every beam in the 
structure. 


Devising a Computer Programme 

Although involving much routine work, accuracy 
is of paramount importance in these calculations and 
they cannot therefore be left safely to junior staff. The 
main problem in adapting the work to automatic com- 
putation lay in devising a computer programme which 
would translate the geometry of the design—the 
positions of all walls, points loads and supporting 
columns, and the positions and amounts of distributed 
loads—into a numerical form that completely described 
a structure. A computer can only accept numerical 
(or digital) information and it is only as numbers and 
letters that this information can be easily transcribed 
to teleprinter tape. This difficulty was overcome partly 
by employing a reference grid, with two co-ordinates to 
describe each point of interest in the floor. 
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At certain stages in floor design, however, it is 
necessary to scan neighbouring regions of the floor 
space in order to decide how much of the distributed 
load must be allocated to certain beams. So that the 
computer can accomplish this operation, the reference 
grid is treated as being uniformly spaced in either 
direction, regardless of the actual intervals between 
successive grid lines. Instead of distances, only the 
numbers of the grid lines need be quoted. For each 
intersection in the grid, there is a block of information 
space allocated in the computer’s store. Here, the 
computer stores away all the information it receives 
about the beams passing through each intersection and 
about the nature of the floor in all directions in the 
immediate vicinity. Scanning from one point to a 
neighbouring one on the floor thus becomes a matter 
of systematic movement from one store to the next in 
the computer. When actual distances are required, they 
are found by reference to a list of the grid lines. 

As computation proceeds, the information in each 
block is progressively amended as the reactions of one 
beam on another are calculated in turn and as suitable 
sections are selected for each beam. 

Conversion of a floor plan into numerical form is a 
matter of simple routine, the data being transcribed 
to paper tape by a typist using a teleprinter. This 
punched tape provides a complete description of the 
floor framework to be designed, code letters indicating 
to the computer the meanings to be attached to the 
various groups of information. The programme exam- 
ines and sorts this data into its grid form, apportions 
the floor loadings to the appropriate beams, and then 
proceeds to calculate the beams required. As soon as 
any one beam has been designed, the results are 
immediately punched out on paper tape for trans- 
mission by teleprinter while the computer is working 
on the next beam. 


‘ 
Economics of Higher Speed 

In a typical recent example, the calculations for 
a power station floor structure required approximately 
two hours of computer time. The corresponding work 
would have taken a design engineer several weeks to 
complete. Apart from releasing skilled men for more 
creative duties, the use of a computer in steelwork 
design offers interesting possibilities for the future. 
Because of the high speed of its operation, more 
elaborate stress calculations than normal are feasible, 
thereby paving the way to economies in construction. 

In many cases, too, considerable economies may be 
effected in structural design, provided that sufficient 
time is allowed in the analysis stage for alternative 
structures to be considered. Such a course of action 
is rarely possible under the normal methods of manual 
computation. The relative merits of various schemes 
can now be assessed rapidly and the most economic 
proposition incorporated in a tender. 
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MERL RESEARCH SUMMARIES 


The following are summaries of reports and notes available 
from the Mechanical Engineering Research Laboratory, 
East Kilbride, Glasgow. 


Measurement of Large Water Flows 

OUR methods of measuring the rate of flow of large 
F quantities of water in pipes have been tried 
simultaneously in a 40 in. pipeline at flow rates up to 
27,000 gallons per minute. The tests have given useful 
information about the relative accuracy and con- 
venience of use of each method under field conditions. 
These measurements supplement earlier laboratory 
work during which new equipment and techniques were 
developed and the errors inherent in each method 
determined. 

With current meter and pitot tube methods the 
bulk flow is obtained from measurements of the local 
velocity at specified points across a section of the pipe. 
By selecting these points in a new way the flow rate 
can be obtained from measurements at fewer points 
than standard methods, with at least as great an 
accuracy in the final result. Current meters are small 
propellers mounted on low-friction bearings: their 
speed of rotation depends on the local velocity. 
Electronic equipment has been developed for auto- 
matically recording the number of revolutions, in a 
known time, of up to 21 current meters. The flow rate 
can then be calculated within a few minutes of the 
measurements being taken. 

Salt-velocity and salt-dilution methods give the mean 
flow directly. In the salt-velocity method a quantity 
of salt solution of higher electrical conductivity than 
that of the water is suddenly injected into the pipeline 
and its passage is timed between two downstream 
positions a measured distance apart. Improved 
injection gear and detecting electrodes have been 
developed. In the salt-dilution method a salt solution 
of known strength is pumped continuously into the 
pipe at a steady rate. Samples are taken at a down- 
stream position where mixing is complete and their 
concentration is compared with that at the injection 
point. With this method the dimensions of the pipe 
do not have to be measured. 

In these field tests the new equipment was tested 
and the accuracy of each method was determined 
relative to the current meter method, which was used 
as the reference. Most of the results from the other 
three methods were within +2 per cent of the current 
meter values. 

Further information is given in: MERL Fluids 
Report No. 65, available from the Laboratory. 


Measuring the Air Content of Oils 
Air dissolved or entrained in hydraulic oils causes 
loss of efficiency in  positive-displacement pumps, 
longer pressure build-up times in hydraulic presses, and 
instability in hydraulic servo-systems. To help in 
finding out more about these effects, a simple, robust 
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device has been developed for measuring the air 
content of a sample of oil in a few minutes. It is 
suitable for works’ use and is now being manufactured 
commercially. 

The apparatus consists of a steel cylinder in which 
there is a cage filled with steel balls. A steel sample- 
bottle, taking a standard volume of oil, is screwed 
into the bottom of the cylinder. The sample-bottle is 
isolated from the main cylinder by a weight-loaded 
valve. The cylinder is evacuated with a vacuum pump 
and is then inverted so that the valve opens auto- 
matically. The oil sample is thus subjected to a 
sudden reduction in pressure and spreads as a vhin 
film over the steel balls. Their large surface area helps 
in releasing all the air very rapidly. The increase in 
pressure in the chamber, measured with an ordinary 
vacuum gauge, is a measure of the air content of the oil. 

Further information is given in: MERL Fluids Note 
No. 47, available from the Laboratory. 

The apparatus is being manufactured by: F. W. 
Baggett & Co. Ltd., 8 Temple Street, Wolverhampton, 
under licence from the National Research Develop- 
ment Corporation, who hold the patent rights. 


Design of Hydraulic Relief Valves 

A promising method is being developed to provide 
.hydraulic engineers with the basic data needed to 
design relief valves with a given performance. 

A relief valve should open at a pre-set pressure, it 
should open as quickly as possible without imposing 
shock loads on the circuit, and it should not oscillate 
and cause noise while it is open. Tests on eight com- 
mercial valves showed that the circuit in which the 
valve is used has a very marked effect on its characteris- 
tics. Under the test conditions none of these valves met 
all the above requirements satisfactorily. 

The method being tried out at MERL is to simulate 
electrically the characteristics of the components of a 
hydraulic circuit. For example, the orifice of a valve 
can be considered as a resistance, and the mass of 
fluid above the valve piston as an inductance. Calcu- 
lations have been carried out for the electrical equiva- 
lent of a simple, but typical circuit consisting of a 
supply tank, a positive-displacement pump, and a 
flow-control valve, with the relief valve between the 
pump and the control valve. The circuit equations 
indicate whether the valve is adequately damped and 
give the correct stroke for a given rate of flow; the 
response time of the circuit can also be derived. 

Measurements on this type of hydraulic circuit have 
confirmed that this electrical analogy method gives 
valuable guidance to the designer. The method is 
being developed to cover more complex circuits. 

Further information is given in: MERL Fluids Note 
No. 53, available from the Laboratory. 
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AUTOMATIC READER 
FOR HIGH-PRECISION BALANCES 


Introduction 

HE National Bureau of Standards has developed 
a photo-electric device that automatically and 
continuously indicates the position of the swinging 
beam of a high-precision balance.@) At the same time 
it provides a greatly increased reading sensitivity, the 
minimum readable displacement on the scale being 
0-0001 in. as compared with 0-004 in. for the conven- 

tional visual method. 

Design and construction of the apparatus are due 
primarily to L. B. Macurdy and H. A. Bowman. 
Consultation was provided by M. L. Greenough and 
T. R. Young, also of the Bureau staff; and the 
instrument was fabricated largely in the Bureau’s 
instrument shop. 


Primarily a Research Tool 

The device was developed primarily as a research 
tool for obtaining a better understanding of balance 
errors; data from such studies are now being accumu- 
lated and will be used in working out improved balance 
designs. The photo-electric reader can provide data 
on the motion of the balance beam (i.e., of the 
horizontal arm from which the balance pans are 
suspended) in two forms: (1) as a voltage whose 
magnitude represents the instantaneous position of the 
beam; or (2) as numerical data that represent turning 
points (extremes of the swing), from which masses may 
be calculated. A plot of the output voltage on a 
recorder forms a graph that can be used in evaluating 
the dynamic characteristics of the oscillating structure. 
The turning points are read from a dial that ordinarily 
indicates the instantaneous position of the beam, but 
which remains stationary for a brief interval after each 
turning point is reached. 

Though primarily a research tool, the photo-electric 
device also contributes in a more direct way to reduce 
the errors in precision mass measurements. Major errors 
in such measurements are due to small changes in 
temperature and humidity that occur during the course 
of the experiment. Since the automatic reader makes it 
possible to increase the speed of balance operations by 
from 5 to 10 times, it shortens the interval during which 
these changes in ambient conditions can act. Faster 
operation also increases the ‘‘on scale” range of the 
balance; and this permits the use of larger—and hence 
more accurate—sensitivity weights. The disadvantage 
of high-speed operation is that it ordinarily results in 
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losses of readability and deflection sensitivity. However, 
the high reading sensitivity of the present instrument 
more than compensates for these losses. 


Basic Design of Reader 
The basic design of the reader is fairly straight- 
forward (Fig. 1). A narrow beam of light is sent towards 
the balance and is reflected by a mirror on the balance 
beam back to the slit at the front of a photo-cell. 
Besides swinging with the motion of the balance, the 
light beam has a small 60 c/s vibration of its own 
(amplitude about 1 minute of arc). This facilitates the 
design of a servo loop to maintain the photo-cell slit 
centred on the light beam. When light beam and slit 
are not in line, an “‘error signal’’ is generated, and this 
controls a two-phase motor that turns the lead screw 
on which the photo-cell is mounted. By suitable design 
and adjustment of the components, the photo-cell is 
made to follow the swinging light beam to within 
about 0-0002 in., corresponding to 4x 10-5 degree in 

the angular position of the balance arm. 
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position of the balance beam is thus represented 
by the angle turned through by the lead screw. The 
lattcr drives a dial which has a single turn of free play 
so that when the direction of the lead screw reverses 
(i.c., at a turning point) the dial remains motionless 
for one revolution of the screw. To obtain a voltage 
propol tional to the position of the balance beam, the 
lead screw is mechanically coupled to the pickoff arm 
of a precision potentiometer. 


Operation of Reader 

A fixed, single-filament lamp is the source of light. 
The light is first reflected from a rotating mirror whose 
plane is tilted slightly from the plane normal to the 
axis of rotation. A simple arrangement allows the angle 
of tilt to be set at any value up to 1 minute of arc. 
Since the mirror is rotated by a 3,600 r.p.m. motor, the 
reflected light beam vibrates at 60 c/s with a peak-to- 
peak amplitude adjustable from 0 to 2 minutes of arc. 
The phase of the 60 c/s vibration can also be adjusted 
with respect to the 60 c/s power supply by rotating 
the entire motor in its mount. 

After reflection from the rotating mirror the light 
beam passes through a condensing lens and proceeds 
(by way of a mirror mounted on the balance frame) to 
the mirror on the moving arm of the balance. Returuing 
towards the photo-cell, the light beam produces an 
image of the lamp filament on the plane of the photo-cell 
slit; the slit and filament image are both about % in. 
wide. 

Because of its 60 c/s vibration, the filament image 
vibrates back and forth through a distance of about 
in. When the slit is located in the centre of this 
vibration it is illuminated 120 times a second. However, 
if it is displaced from the centre of the vibration, the 
electrical output of the photo-cell will contain a 60 c/s 
component whose phase and magnitude depend, 
respectively, on the direction and amount of the off- 
centre displacement. 

The 60 c/s component is filtered, amplified, and 
applied to the control winding of the two-phase motor. 
This motor then drives the lead screw in the proper 
direction to re-centre the slit—provided that the supply 
voltage used to excite its reference winding is in 
appropriate phase with the 60 c/s vibrations of the 
light beam. The same supply voltage is applied to 
both motors; and, as indicated above, the relative 
phase of the 60 c/s vibration of the light beam is 
adjusted by rotating the 3,600 r.p.m. motor about the 
axis of its shaft (Fig. 1). A tachometer generator 
provides a velocity-damping signal to prevent oscilla- 
tions around the servo loop. 

The position of the balance arm at any instant can 
then be accurately determined from the angular 
position of the lead screw. The lead screw is 20 in. 
long with a two-start thread, 10 pitch, ground from 
SAE 6150 steel hardened to Rockwell C 55. The lead 
screw has a 0-0004 in. lead error fairly well distributed 
along its length and is driven by a rubber tyre and 
friction disc. The plane of the thrust bearing supporting 
the disc provides a reference from which displacement 
measurements of the photo-cell are made. 
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At the opposite end of the lead screw is the reading 
dial with 100 graduations spaced about } in. apart, 
each representing 0-001 in. of photo-cell displacement. 
This dial has one turn of free play so that it remains 
motionless for one revolution of the lead screw when 
the latter reverses direction. During this interval 
the turning-point reading remains unchanged, per- 
mitting the operator to make an accurate estimate of 
the extreme position of the photo-cell to 4 of a divi- 
sion or 0-0001 in. 


Background Noise 

Zero stability of the apparatus, determined from 
observations on a light beam reflected from an arrested 
(and therefore presumably motionless) balance, is 
about 2 microinches per minute. This drift changes 
direction roughly twice daily, and may therefore be 
associated with some diurnal motion of the building 
or piers. There are occasional bursts of “‘noise” of 
about +0-0003 in., some of which have been correlated 
with starting and stopping of building elevators. 
However, the total effect of all noise is not considered 
serious enough to warrant additional noise studies at 
this time. 


Comparison with Conventional Method 

The effectiveness of the automatic reader as a tool 
for investigating the errors of precision balances 
rests on the considerable improvement in reading 
accuracy that it provides. This improvement appears 
very clearly from the results of a test in which readings 
were taken simultaneously by the old and new methods. 
An experienced telescopic observer made readings 

“on the fly’ —of the turning points in the moving 
image of a millimetre scale, reading directly to milli- 
metres and estimating tenths of millimetres. Another 
observer read off the turning points from the motionless 
dial of the photo-electric device, reading directly to 
thousandths of an inch and estimating tenths of 
thousandths of an inch. 

When plotted on a graph the readings from the 
stationary dial lie on a relatively smoother curve, less 
disturbed by random fluctuations. The same result 
appears from a graph of the calculated balance indica- 
tions based on the two sets of readings respectively. 

The reader is currently being used to evaluate 
mechanical features that are under consideration for 
inclusion in a short-period, high-precision, automatic 
weighing system for which preliminary studies are 
under way. Already a number of useful results have 
been obtained. In one study, for example, the device 
has been used to show the effects of errors associated 
with a certain type of arrestment mechanism, while 
another has shown the reloading error in a balance of 
one design when operated without arrestment. 


() Further technical details are given in the paper, The 
observation and control of errors due to changing ambient conditions 
during high-precision weighing experiments, by L. B. Macurdy, 
H. A. Bowman, and H. E. Almer, delivered December 30th, 
1958, at the Washington meeting of the AAAS session on 
“Precision Measurements’’ conducted by the ISA. 
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Circle 57 for further information 











Here is a completely new model of 
the Speedomax Type H potentiometer 

with additional controls now an integral 
part of the main instrument. 


It is very compact, saving much panel 
space, being 
178” high « II” wide « II” deep. 





... Ye! YOU'RE 
YEARS AHEAD wiz: 


SPEEDOMAX “H” 


The compact instrument (11° x 12°) at low cost 


7’ line of indicators, recorders and controllers is unique—there is no 
comparable instrument available to you today. It is compact, all elements 
being readily accessible and all major components plug-in, and all moving parts 
operate by means of a common shaft driven by the positive worm gear of a high 
speed balancing motor. Limit of error is +0-3% and balancing time I-5 seconds. 


It is lower in cost than any comparable electronic potentiometer 
available today. 





Entirely new, and quite outstanding is this latest L & N introduction—Series 60 
Electronic Control. It provides single-action (proportional), 2-action (proportional 
and reset) and 3-action (proportional, reset and rate) control, and is offered as a 
separate unit. 


Send now for descriptive literature 


INTEGRA, LEEDS & NORTHRUP LTD. 
183, BROAD STREET, BIRMINGHAM, |5 





MIDLAND 1453/4 Telegrams : FLOMETER, BIRMINGHAM 





Telephone : 


a el ee pe ed pee ae ae a 
rm 


ee ne ee ne 










POLO LEON LON, NINN AR OOO ORR 





ae n\n rt tts ~~ tale ~~ alsa, te ae ee ee ee ee 








we 22 “20 ~ 
PO ON 





tn ~~ tts tt tt 


POLO OS 















( itiieatineadie a ae eta ee 





~ 








MEIN ORY FRY PAL Oey ray 


7 INSTR UMENT . PRAC TI ‘E FEBRUARY 1959 


WHYOd SIHL NO 3J9ViSOd AWd LSNW SYAIGQCVAY SVAISHYFAO 





*j212UePyUOD se 

pezees2 9q |fIM $49239] ||\y “NOA djay 03 3Seq 4NO OP |jIM OM pue 
‘p’D"9 ‘UOpuo) ‘190125 182044 ‘asenbs YyBnoy ¢ ‘asnoy |jamsog 
‘92/2944 JUSWNIISU| ‘NeeINg UO!IeEWIOJU; ayj;—sN O32 saisanb 
anof u| puss ‘aajos youue>d Nod yr1ym swajqoid Aue aaey Nod 34 


NVIAYNGd NOILVWYOANI UNO 


ISWIId SIVLIdVD ADO18 














ssouppy 





Auedwo’ 





UOIISOg 








:MO 
Uo!IVIyIIUEpP! puke saquinu aed u j}y ‘anss! siy3 U; Sajriqe Phe. ssou ppe pue oweu Ino} 


Ul peuonuew juewdinbe uo uo!JeW Oyu! sayin esinbos Nok y¥ 








Se tee. Be HA ww 
wes. & «6 ee 9 Tr 43 t | 


SNOILLVDI18Nd .SYSUNLOVANNVW . sulsof asay2 asp) 





ee, ee, ee 


Re es Ea: ee ee Pe ee ee ee | , 
ome a eee eo Re SNOILVSOITENd .<SYZYNLIVANNVW 'E 


S4OQUINAY 25043 9/2415 
SLNAINOdWOD GONV SLNIWNYLSNI MAN SLNINOdWOD AGNV SLNAWNUYULSNI MAN TT 
98 S8 8 £8 ig 08 


a2 &@ MOR ee 89 19 ° 
9 € 7 19 09 6S 8 JS SS #S SLNAWAONNONNYV .SUASILYAZAQGYV ‘I 


IS OS 6 S Ly W Se w% tw ly 

Se See ee 6Z 8 

eh Se ee se a tS Wood} 
Ge Ue aes ee. Be ee Tee: 


S4OQUINN, 25043 2/2415 
SLNIWASILYIAGCYV REOeP CU Aeegte: ob ACE AGA 


WHO4 A¥INONT F9IAUIS 470VI4 
SOINOWLIATH 8 NOLLVWOLNV WOMLOVad LNAWOALSNI 


6S61 ‘AYVNUG34 


= r . a >_> _ eee ee ee eee ee eee ee ee ee ae ae a ae ae ee ae ae 
S I ee! 














— PLEASE FOLD IN HERE 





No Postage Stamp 
necessary if posted 
paid by in Gt. Britain or 
Licensee Northern Ireland 


Postage will be 








Use this form today 


BUSINESS REPLY FOLDER 
Licence No. K.E. 1632 











—save time and trouble 
UNITED TRADE PRESS LTD., 


9 GOUGH SQUARE, FLEET STREET, 


LONDON, E.C.4 





PLEASE FOLD IN HERE 








2 dW1d Ni WONL ISVII1d 

















INSTR, 


AUTOMATION ¢ 


tice 


MENT 











ELECTRONICS 


SURVEY OF NEW INSTRUMENTS 


TRICAL > 


Mini Thermocouple Potentiometer 
THe Mini thermocouple potentiometer 
enables accurate readings to be made of 
the temperature of any process. It is a 
small and compact instrument having 
ranges of 20 and 100 millivolts with direct 
readings to 10 microvolts and an accuracy 
to 5 microvolts on the lower range. This 
particular model is fitted with a cold 
junction which consists of a solid brass block 
fitted with a mercury in glass thermo- 
meter, the reading of which appears in 
a window slot in the instrument panel. 
This feature enables a greater accuracy 
of measurement to be obtained than is 
possible with the standard model. Another 
important feature is the method of 
connecting the ends of the thermocouples, 
so that they are protected from draughts 
and also from heat transmission from the 
fingers when tightening down _ the 
terminals The catalogue number is 
E.4236 

Full details may be obtained by circling 
No. 1 under New Instruments on the reply 
paid form. 


Vint thermocouple potentiometer. 


Caliper Gauge for Cylindrical Grinders 
\N adjustable caliper gauge for cylindrical 
grinders has been introduced by Ted- 
dington Industrial Equipment Limited for 
use with pneumatic size control or gauging 
equipment. 
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Caliper gauge for cylindrical grinders. 


It is designed for mounting on the 
machine and is adjustable over a range 
of } in. to 6 in. O.D. 

The unit can accept work up to 0-200 in. 
above nominal size, and provision is made 
for mounting a dial indicator to provide 
indication of coarse stock removal. 

Full details may be oktained by circling 
No. 2 under New Instruments on the reply 
paid form. 


Metrix Wobuloscope and Wobulator 
THE new Metrix Wobuloscope Type 230B 
and Wobulator Type 210 are intended for 
the visual alignment of wide band ampli- 
fiers and FM discriminators. 

Frequencies from 5-220 Mc/s are covered 
in a single range, and the sweep can be 
adjusted from 1-20 Mc/s by means of a 
Ferrite cored coil system in the fixed 
frequency oscillator circuit. A second 
oscillator operates at a frequency which is 


Wobuloscope. 
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varied with the setting of the main dial. 
The circuit arrangement is such that the 
instruments are extremely stable, and 
have a high linearity of sweep. 

The maximum output obtainable is 
100 mV, and a step attenuator is incor- 
porated A single or double trace is 
available with phase adjustment and the 
return trace can be blanked if required 
\ zero reference trace is also incorporated 

Facilities for using external markers are 
included, the markers not being injected 
into the circuit under test \ range of 
accessories is available including 
injection and detector probes for stage- 
by-stage alignment 

The illustration shows the model 230B 
with built-in oscilloscope, the model 210 
having just the wobulator unit without 
the visual display 

The price of the Wobuloscope is 
£137 10s. Od. and the Wobulator, £76 

Full details may be obtained by circling 
No. 3 under New Instruments on the reply 
paid form 


also 


S.B.C. signal lamp 
Signal Lamp 
ARCOLECTRIC (SWITCHES) Lrp. have 
recently introduced a new S.B.C. signal 
lamp designed to accept both mains and 
low voltage S.B.C. bulbs. 

Full details may be obtained by circling 
No. 4 under New Instruments on the reply 
paid form. 
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Transistor Range for the Home 
Constructor 
INCREASED demand from home _ con- 
structors and experimenters for economi- 
cally priced quality transistors is now 
met by the Ediswan-Mazda XA103 (list 
price 15/-) and XA104 (list price 18/-) 
transistors now made available through 

dealers. 

To complete the range, the Ediswan- 
Mazda XB102 and XBI104 are now 
available at the much reduced list price 
of 10/-. 

XA103 is an I.F. amplifier with 
minimum common base cut-off frequency 
of 2 Mc/s. Maximum peak or mean 
collector-to-emitter voltage is 12 V, and 
minimum small signal current gain is 15. 

XA104 is a_ general purpose R.F. 
transistor frequency changer and/or 
oscillator for long and medium wave bands 
with minimum common base cut-off 
frequency of 4 Mc/s. Maximum peak or 
mean collector-to-emitter voltage is 12 V, 
and minimum small signal current gain 
is 18. 

XB102 and XB104 are general purpose 
audio transistors with maximum peak 
or mean collector-to-emitter voltage of 
16 V. The range of small signal current 
gain is 18-47. The maximum collector 
dissipation of XB102 at 25°C is 150 mW, 
at 45°C is 90 mW; or XB104 at 25°C is 
120 mW, at 45°C is 60 mW. 

Full details may be obtained by circling 
No. 5 under New Instruments on the reply 
paid form. 


Relays 
MaGNETIc Devices Ltp. have recently 
introduced the following relays: 
The series 593 relay. 

This relay is an interlocking unit 
designed for switching between alternate 
circuits at regular or irregular intervals. 
It is suitable for applications such as flow- 
control motors, positioning devices and 
sorting mechanisms but may also perform 
a wide variety of similar functions. 

The unit consists of a pair of relays 
that are mutually interlocking so that one 
or the other is always locked in. Either 
or both coils can be supplied for a.c. or 
d.c. operation and either or both relays 
may carry multiple contact assemblies. 

The series 593 relay is available as an 
open relay on a two position mounting 
bracket or, alternatively, enclosed or 
hermetically sealed. The enclosed and 
hermetically sealed versions are available 
on 8, 9 or 11 pin plug-in octal style headers 
and alternative headers, such as hook 
type are also available. 

Contact rating 5 amp at 30 volts d.c. 
or 250 volts a.c. resistive, maximum 
nominal coil voltage 140 volts d.c. or 
250 volts a.c. 


Screw terminal based relays. 

A variety of a.c. and d.c. relays are 
now available, mounted on screw terminal 
bases and are supplied complete with 
screws and terminal tags. 

These relays are specially designed for 
easy fitting and servicing by electricians 
and permit rapid connection changes or 
relay replacement. All relays are fitted 
with removable dust covers. 

The current carrying capacity varies 
with the particular type of relay and the 
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maximum is 10 amp at 30 volts d.c. or 
250 volts a.c. resistive. 


The series 305 plug-in relay. 

A plug-in version of the series 305 relay 
is now available, either enclosed or 
hermetically sealed. The relay is mounted 
on a 8, 9 or 11 pin octal style header and 
can be supplied complete with socket. 

Replacement is simply a matter of 
plugging in, making these relays very 
suitable for use in equipment requiring 
rapid servicing and also providing a most 
convenient method of changing contact 
arrangements. 

Available for all standard d.c. coil 
voltages and with double pole normally 
open or double pole normally closed 
heavy duty contacts or double pole 
changeover light duty contacts. 

Full details may be obtained by circling 
No. 6 under New Instruments on the reply 
paid form. 





Simet silicon rectifiers. 


Simet Silicon Rectifiers 
FOLLOWING the _ licensing agreement 
between The Plessey Company Limited 
and General Instruments Corporation, 
Plessey announce the first series of a new 
range of SIMET silicon rectifiers. 

To be known as the ‘G’ series, they are 
hermetically sealed, medium power recti- 
fiers, designed to operate in ambient 
temperatures between 55°C — and 
+150°C, and suitable for a wide range of 
applications including magnetic amplifiers 
and d.c. blocking. The series covers the 
range 100-1,000 peak inverse volts, 400- 
750 mA (25°C rating) and up to 250 mA 
at 150°C. 

Full details may be obtained by circling 
No. 7 under New Instruments on the reply 
paid form. 


New Photomultiplier Tubes 
A RANGE of eight photomultiplier tubes 
for scintillation counting and industrial 
applications is being introduced by 
Mullard. 

The range comprises one 15-stage, five 
11-stage and two 10-stage tubes. All have 
maximum spectral response in the blue/ 
violet region (4,000 to 4,200 A) and, in 
addition, two are fitted with quartz 
windows to allow adequate response to 
ultra-violet radiation. The tubes are 
designed for end-on viewing and have 
caesium-antimony photocathodes, ranging 
from 20 to 111 mm in useful diameter, 
with optically flat and parallel surfaces. 
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High current gains have been achi-ved 
by the use of precision-mounted solid 
cathodes machined to carefully controlled 
shapes and dimensions from specially- 
treated silver magnesium. Solid cathodes 
have been chosen since they are capable 
of giving a higher gain per stage than 
either the sieve or venetian-blind type of 
electrode; and, in addition, the material 
itself has excellent secondary emission 
properties, which remain stable over long 
periods of time. Another factor contri- 
buting to the high gain is the efficiency of 
the input electron-optical system, which 
is so designed that over 90%, of the photo- 
electrons reach the first secondary cathode. 

The cathodes are mounted linearly in 
cascade. This arrangement greatly reduces 
cold emission (since the potentiais are 
divided progressively throughout the 
tube) and, together with the low thermionic 
emission of the cathode material, is 
instrumental in maintaining the dark 
current at an extremely low level. It also 
gives maximum insulation between photo- 
cathode and anode, thus avoiding feed- 
back. 

Besides their uses in scintillation count- 
ing, these new tubes will also have applica- 
tions in photometry, pyrometry, and many 
kinds of industrial counting, control and 
measurement processes. 

All eight are available now in limited 
quantities. 

Full details may be obtained by circling 
No. 8 under New Instruments on the reply 
paid form. 


Beta-Gamma Field Monitoring System 
THIS consists of weatherproof detector 
units feeding into a central multipoint 
recorder. Each field unit may be located 
up to 2,000 metres from the central 
station, and provides signals of the local 
beta + gamma activity. 

The detector unit comprises an alu- 
minium casting which forms a protective 
cowl for a Geiger tube and is so shaped 
that a known ground area is monitored. 
The casting houses also the transistorised 
amplifier, local ratemeter and a 2} in. 
moving coil instrument giving visible 
indication of local count rate. 

The head is supported by a rigid tubular 
member from a heavy cast base which can 
be bolted to any suitable foundation. The 
construction of the equipment is such 
that it is completely weatherproof and will 
operate continuously without mainten- 
ance. 

The detecting element is either an all 
metal gamma counter or a thin walled 
beta + gamma counter. The pulses from 
the counter are amplified by transistor 
circuits and transmitted by coaxial cable 
to the central recording station. Power 
supply to each field station is 12 V d.c. at 
200 mW and is carried by the common 
signal cable; this supply is provided from 
the central recorder. E.H.T. supply for 
each counter is generated in the individual 
heads so that failure of one supply does 
not render all monitors inoperative. 

The multipoint recorder is of the 
Bristols Dynamaster type and a record 
of up to 12 field stations is displayed in 
multicolour dot form on an 11 in. strip 
chart. Each remote detector is scanned 
in turn by the switch mechanism at an 
interval of 30 or 60 sec per unit. 
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The recorder is provided with its own 
transistorised ratemeter which is con- 
nected to the balancing amplifier and, in 
turn, to each signal input. Alarm contacts 
may be provided to give warning of high 
or low level signals and the settings are 
adjustable over 100%, of the recorder 
range 

Full details may be obtained by circling 
No. 9 under New Instruments on the reply 
paid form. 


Ground Contamination Monitor 
(Type ND 21) 


THE measurement of the level of atomic 
radiation in the neighbourhood of atomic 
energy plants and installations, using 
sensitive detectors capable of measuring 
down to natural radioactivity levels, 
serves aS a continuous check on the 
methods used for controlling the spread 
of radioactivity. Elliott Brothers (London) 
Ltd. (a member of the Elliott-Automation 
Group), have developed a ground con- 
tamination monitor for this purpose. 
Originally developed for the A.E.R.E., 
Harwell, the monitor is now available for 
general sale. (The A.E.R.E. type no. is 
1382A.) 

Continuous monitoring of radiation 
levels on the ground can be carried out 
with this recording instrument. Designed 
for reliable outdoor service, it makes use 
of two halogen quenched G.M. counter 
tubes, which are mounted in_ close 
proximity under a light alloy cowling to 
provide protection against rain. 

One tube is screened from beta activity, 
but detects gamma activity from all 
directions, the weather shield offering 
virtually no screening to this. The second 
tube responds to beta activity in addition 
although, because in this case the weather 
shield provides effective screening, it 
covers ground radiation only. 

Separate 5-figure drum counters indicate 
the total counts due to gamma only and 
gamma plus ground beta. For the latter, 
count rate also is recorded continuously 
on a 7-day circular chart, scaled logarith- 
mically from 3 to 300 counts per second 
and employing Teledeltos electrosensitive 
paper. An auxiliary marking on the peri- 


Ground contamination monitor. 
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phery of the chart indicates the total 
count, giving a permanent record in 
addition to the drum counter indication. 

The instrument comprises a light alloy 
casting in which the recorder and electrical 
circuits are mounted. An extension arm 
carries the G.M. tubes clear of the main 
unit. A cold cathode ratemeter is used 
with a linear magnetic amplifier to provide 
sufficient current to operate the recorder. 

The range of count rate extends from 
that corresponding to natural background 
to two decades above this. 

Full details may be obtained by circling 
No. 10 under New Instruments on the 
reply paid form. 


New Plessey Thermistors 


A NEW range of thermistors has been 
introduced by The Plessey Company 
Limited for the purpose of temperature 
measurement and the control of thermal 
drift in electrical circuits. In addition, 
they can be used for the measurement of 
u.h.f. power, voltage regulation and relay 
timing. 

The thermistors are made in four 
different materials, consisting of intimate 
mixtures of metal oxides according to 
classical methods, and are available in a 
variety of shapes and sizes. 

The fact that the resistance value of a 
thermistor can drop more than a hundred- 
fold over the temperature range 0-150°C 
has led the way to many interesting appli- 
cations, which may be _ conveniently 
divided into two main groups :— 

(i) Where the current through a thermis- 
tor is too small to heat it by the 
Joule effect. 

(ii) Where the thermistor is heated by the 

current through it. 

Plessey thermistors are available as 
discs, rods, bars, washers or beads, all 
having metallised faces with the exception 
of the beads. Where soldered leads are 
required, the thermistors are generally 
coated with a _ protective varnish of 
distinctive colour. 

Full details may be obtained by circling 
No. 11 under New Instruments on the 
reply paid form. 


Flexibility in Boiler Panel Design 


For the small boiler of the ‘“‘Economic”’, 
‘Lancashire’ and similar type, Electroflo 
Meters Co. Ltd. now provide a panel of 
miniature instruments. The instrument 
range includes smoke density, measuring 
and alarm equipment, two draught and 
temperature points, pressure indication 
with steam flow integrators and recorders. 
The scheme can be modified or augmented 
to suit particular requirements and 
preferences if a specification is submitted 
to the company. 

A hypothetical panel is shown, covering 
two medium sized boilers of the ‘“‘Econo- 
mic’, ‘‘Lancashire’’ or ‘‘Water Tube”’ type. 
This panel, again using miniature instru- 
ments, gives four draught pressure indica- 
tions, six temperature indications, steam 
flow integration with recordings for each 
boiler. In addition, main steam pressure, 
flow gas temperature, CO, and smoke 
density are also metered. Facilities for 
remote control of auxiliary motors can 
also be incorporated as shown if such are 
required. 
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Electrofio boiler panel. 


This equipment could be supplied, 
delivered, installed and commissioned for 
about £1,700 and would be working within 
14 weeks of receipt of the required informa- 
tion. 

Full details may be obtained by circling 
No. 12 under New Instruments on the 
reply paid form. 


Mersey Market Buty! Rubber Insulated 

Cables 
BuTyL rubber insulated ships’ wiring 
cables are now available from Mersey 
Cable Works Limited. They are supplied 
with up to six cores in accordance with 
B.S.S. 883 for natural rubber insulated 
cables. 

Butyl rubber has several features that 
make it more suitable for marine use than 
either natural rubber or varnished cambric 
insulation. Chief among them are its low 
water absorption, and excellent electrical 
properties at high voltage working, due 
to outstanding ozone resistance. 

In addition, it is superior to natural 
rubber in its resistance to oxidation at 
high temperatures, and the period over 
which it retains its physical properties. 
Its resistance to swelling by animal and 
vegetable oils, and to acids, alkalis and 
metal salts is also superior to the natural 
product. 

Full details may be obtained by circling 
No. 13 under New Instruments on the 
reply paid form. 


Deflection Yokes 
A NEw range of deflection yokes for 110° 
cathode ray tubes has been manufactured 
by The Plessey Company Limited. 

The range includes a fully flared 
ferrite split ring with a cut-away portion 
which reduces weight, and consequently 
cost, without sacrificing performance. 

In addition, a solid flared split ring and 
yoke, built up from four segments, are 
available in ferrite. In Caslam material a 
fully flared yoke is also available. 

Full details may be obtained by circling 
No. 14 under New Instruments on the 
reply paid form. 


Variable Magnetostrictive Delay Lines 
AN improved type of magnetostrictive 
wire delay line with facilities for con- 
tinuous adjustment of the delay period 
over a wide range has been introduced by 
Mullard Equipment Limited. 

Lines giving maximum delays of any 
duration up to 4-5 milliseconds can be 
supplied, built to users’ specific require- 
ments and incorporating, if required, 
input and output amplifiers and pulse 
re-forming circuits. 
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Th maximum pulse _ repetition 
frequency that can be stored depends on 
the value of the delay required: in a 4:5 
millisecond line a p.r.f. of at least 250 kc/s 
can be stored, while with a 1 millisecond 
delay | Mc/s is attainable. No temperature 
contro! is necessary since the lines have a 
temperature coefficient of delay as low 
as 5 x 10-®/°C. 

The lines use a newly-designed trans- 
ducer that makes possible a continuous 
variation in the delay period. Essentially 
the transducer consists of two coils 
connected back-to-back and mounted on a 
former which fits around the wire. Adjust- 
ment of the delay is obtained by movement 
of the transducer along the line. The range 
of adjustment given by a single transducer 
is 100 microseconds, determined chiefly 
by the distance between the _ brackets 
supporting the wire, but by using a 
number of transducers spaced along the 
line, the range can be extended indefinitely 
and it is also possible to produce from one 
line a number of signals each delayed 
from the initiating pulse by pre-selected 
intervals. 

To keep the dimensions of the line as 
small as possible, the acoustic energy 
generated by the transducers is propa- 
gated along the wire in the form of 
torsional waves. These have the 
advantage over longitudinal waves of 
a lower velocity in the wire and thus 
require a physically shorter line to 
produce a given delay. They also give 
rise to less dispersion, enabling the wire 
to be wound compactly in spiral form. A 
line giving a maximum delay of 1 milli- 
second requires 10 ft of wire and can be 
mounted in a unit of only 10 in. x 7} in. 
x4 in. overall dimensions. 

The lines can be used in radar systems 
and in various items of electronic equip- 
ment including pulse spectrometers, 
particle analysers, digital computers, etc. 

They can also be used in telephone 
exchanges for storing routing information 
in pulse form. 

Full details may be obtained by circling 
No. 15 under New Instruments on the 
reply paid form. 


Flow Recorder 

THE new Arkon Model 1602 flow recorder 
is based on the principle of a mercury U- 
tube and float, overload protection being 
incorporated. The recorder is fitted with 
a dual valve (instead of the three-cock 
assembly usually met with in this type of 
recorder) which incorporates automatic 
equalising. These features eliminate the 
possibility of mercury being blown into 
the impulse lines due to incorrect opera- 
tion of valves or surges of pressure. The 
operating valves are inside the recorder 
case and accessible from the front of the 
instrument. 

The Model 1602 has been provided with 
a chart which is easy to read. It is 
rectangular, ruled in straight lines and is 
6 in. high. The visible width of the chart 
covers 16 hours, making it easy to follow 
the record over the whole of a normal 
shift. A roll of chart lasts six weeks, and 
may be left on the rewind roller for as long 
as a week or cut off daily or as required. 
The free end of the chart can be left to 
travel over the chart plate as it is picked 
up automatically on the collecting spool. 
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This saves much time where charts are 
collected daily and also prevents irritating 
breaks in the record through failure to 
reset the chart correctly. 

Where the instrument is required to 
total the flow automatically an electrically 
operated integrator can be fitted as an 
optional extra. 

Charts can be supplied reading in 
cubic feet per hour, gallons per hour, 
pounds per hour, inches w.g., differential 
pressure or any units to meet user's 
requirements. Differential ranges from 
60 in. to 200 in. w.g. Model 1602 recorders 
are designed for operations under static 
pressures up to 300 p.s.i. 

Full details may be obtained by circling 
No. 16 under New Instruments on the 
reply paid form. 


Relay with Variable Contacts 
A NEW relay with variable contacts can 
be set to operate at any of a number of 
given positions and can be used to operate 
a slave relay and carry a maximum of 
30 volts d.c. 

A recommended slave circuit would be 
equivalent to a 5,000 ohm P.O. 3,000 
type relay working on 30 volts and with a 
germanium rectifier across a coil acting 
as spark quench 

The relay can be supplied with a 
resistance of a fraction of an ohm to 





S.R.2 relay. 
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thousands of ohms, is fitted with a plug-in 
base and has floating bearings so that no 
damage is done on shock or under vibra- 
tion. It acts as the final link in the 
electronic equipment designed to perform 
the sensing operations 

Full details may be obtained by circling 
No. 17 under New Instruments on the 
reply paid form. 





Pullin blower. 


New Pullin Blower—Type PM.IC 
THE Pullin Blower Type PM.1C (R.A.F 
Stores reference 5U/4799) incorporates 
the Pullin permanent magnet d.c. motor 
PM.1IC and a moulded-case centrifugal 
impeller unit 

The blower delivers approximately 15 
cu. ft of air per minute against a back 
pressure of 0-7 in. w.g. and draws less 
than 0-5 amp at 24 volts d.c. Its continu- 
ous operation life is well over 1,000 
hours. 

Approximate overall dimensions are: 
length 3-2 in., width across moulded-case 
3-25 in., depth of impeller-case 1-2 in. 

This blower is suitable for the cooling 
of radio and electronic equipment, and 
for many ventilation uses. 

Full details may be obtained by circling 
No. 18 under New Instruments on the 
reply paid form. 


High Speed Counting Using Transistors 
PHOTOELECTRONICS (M.O.M.) Ltp. have 
developed a high speed counting unit Type 
TCV/S capable of counting at speeds up 
to 3,000 per minute and registering on an 
electro-magnetic counter. Using a photo- 
transistor in conjunction with a light beam 
projector articles breaking the light beam 
create electrical impulses which register on 
an electro-magnetic counter through a 
power transistor in the control unit. This 
simple method of operation eliminates 
complicated valve or counting tube cir- 
cuitry and ensures continuous operation 
without maintenance. Articles as small 
as } in. diameter can be counted by this 
method. 

The whole equipment complete with 
counter costs £37 10s. Od. (Slower 
counting rates at reduced prices are also 
available as well as a full range of counter 
batching equipment.) 

Full details may be obtained by circling 
No. 19 under New Instruments on the 
reply paid form. 
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Maximum demand indicator. 


Maximum Demand Indicators 

THE design of the latest demand indicator 
includes the use of light alloy gears which 
reduce the weight of the unit; the intro- 
duction of viscous damping on the maxi- 
mum demand indicating pointer which, 
coupled with the low friction effect offered 
to the driving pointer, also offers a high 
frictional resistance to external vibrations; 
the use of a 14 in. long and accurately 
divided scale and a pointer which has been 
made slightly out of balance, thereby 
evening out the controlling torque on the 
maximum demand pointer. In addition, 
the maximum demand mechanism may 
be removed without disturbing the energy 
register. 

The demand indicator is attached to a 
Ferranti FM single-phase meter which is 
characterised by its high torque (23 gr. 
cm) and low speed (60 r.p.m.), two attri- 
butes which make it eminently suitable 
for driving the demand indicator. 

The standard demand period is 30 
minutes but alternative time intervals can 
also be arranged 

At the end of the demand integrating 
period the short driving pointer is auto- 
matically reset to zero leaving the longer 
“slave’’ or indicating pointer at the maxi- 
mum demand. Manual resetting of the 
maximum demand _ indicating pointer 
(usually monthly or quarterly) is_per- 
formed by means of a knob in the front 
window. 

Overall dimensions of the 
height 9-15 in., width 5-75 in., 
5-25in. Weight is 6 lb 7 oz 

Other specification details of the meter 
are as follows: Current ratings 10, 40, 80; 
voltage 100/600; frequency 40/60 ; accuracy 
within B.S.S. limits. 

Full details may be obtained by circling 
No. 20 under New Instruments on the 
reply paid form 


unit are: 
projection 


Radiation Pyrometer 
THE instrument consists of a thermopile 
specially constructed so as to give an 
electrical output substantially independent 
of ambient temperature, over a wide 
range of source temperature, and has been 
developed for monitoring the surface tem- 
perature in an induction hardening process. 
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The device may be used with a radiation 
collecting probe, or with an aperture 
stop, or system of collimating stops, in the 
path of the incident radiation. Successful 
use has been made of a fused silica probe 
in an induction hardening and tempering 
process when the source area was small 
and was normally obscured by quench oil, 
spray and smoke. 

The pyrometer is not an absolute 
measuring instrument, and requires cali- 
bration in any particular application. 
Once calibrated, however, it has been 
found very consistent. 

A target body ‘T’ is mounted inside a 
cavity in an aluminium block, and is 
almost completely enclosed. Because of 
its high thermal diffusivity and thick wall, 
the cavity may be considered at uniform 
temperature. A narrow pencil of heat 
radiation is allowed to fall on the target 
through a small aperture in the cavity 
wall so that the temperature of the target 
is raised above the temperature of the 
cavity. The device is normally stopped 
down so that the temperature difference 
is only a few degrees Centigrade. The 
steady temperature rise of the target 
above the cavity is then a measure of the 
amount of radiation absorbed by the 
target and indirectly of the temperature 
of the source of radiation. 





Radiation pyrometer. 


The temperature differential of the 
target with respect to the cavity due to a 
given source of radiation changes only 
slowly with the temperature of the cavity 
itself, providing the temperature of the 
source exceeds a few hundred degrees 
Centigrade. For example, a pyrometer of 
this form changes its target temperature 
differential less than 5% for an ambient 
change from 15°C to 50°C, when viewing 
a source at 300°C. 

The output of the instrument depends 
on the effective aperture of the pyrometer 
and the disposition and surface condition 
of the source of radiation. With full 
aperture the instrument responds to 
radiation from acone of about 40° included 
angle although the peak sensitivity occurs 
within a cone of 10° included angle. 

Usually the instrument is stopped down 
to give about one millivolt of output which 
may be connected to a millivoltmeter or 
light-spot galvanometer. The response 
rate of the system in this case depends on 
the millivoltmeter, the response of the 
thermopile itself being very rapid. In 
fact, it is estimated that the thermal time 
constant of the pyrometer itself is of the 
order of 75 second. 

Full details may be obtained by circling 
No. 21 under New Instruments on the 
reply paid form. 
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Potentiometer nut. 


Cure for Potentiometer Drift 
PRESENT-DAY electronic apparatus con- 
tains large numbers of pre-set potentio- 
meters, and any tendency for the spindles 
of these to “drift’’ under the influence of 
vibration causes great inconvenience. 

This trouble may be overcome by the 
use of a polythene “‘non-drift’’ nut which 
is now available. 

This nut screws on to the potentiometer 
fixing bush, on which it cuts its own 
thread, and has a clearance hole which 
grips the standard } in. diameter spindle 
sufficiently firmly to check any tendency 
to rotate, but still allows intentional adjust- 
ment by screwdriver. 

If it is required to discourage such 
adjustments from being made, a dome- 
headed protective cover is also available 
which can be snapped on to the nut to 
conceal the spindle end. 

To assist identification or coding when 
a large number of potentiometers is 
installed, these nuts and covers are pro- 
duced in seven distinctive colours. 

Full details may be obtained by circling 
No. 22 under New Instruments on the 
reply paid form. 


Multi-channel Count Summator 
Type 132A 

THIs instrument has been designed by the 
Instrument Division of Ericsson Tele- 
phones Limited, of Nottingham, for use 
where the outputs from a maximum of 12 
independent sources are required to be 
counted into a single channel. The 
sources can be random with respect to 
each other and the counts on each line 
can be random provided that the minimum 
separation is not less than 10 m/sec. Thus 
the maximum summating rate possible is 
from 12 sources, each of which provides 
output pulses at a periodic rate of 100 
p-p-s., representing a total counting rate 
of 1,200 p.p.s. The summator is con- 
structed from E.T.L. plug-in sub-units, 
and can be provided to sum any number up 
to 12, according to the application. 

The installation also uses an assembly 
of E.T.L. plug-in sub-units as the batching 
counter into which the summator feeds, 
and embodies a slow feed-rate control 
which comes into operation near the end 
of a batch. 

Full details may be obtained by circling 
No. 23 under New Instruments on the 
reply paid form. 
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Bridge detector. 


Bridge Detector 


TuE Ril bridge detector has been designed 
as a modern substitute for the classical 
galvanometer. 

The instrument is entirely self-contained 
and includes internal batteries for ener- 
gising the bridge circuit. Both battery 
and detector input circuits are carefully 
insulated to avoid measurement errors 
due to leakage paths to earth. 

In use the detector is connected 
directly to the bridge and the battery is 
controlled via a manual or foot-operated 
switch. 

Basically the instrument consists of 
a chopper type d.c. amplifier working into 
a phase sensitive detector. Overload 
protection is inherent in the circuit so 
that damage to the meter cannot occur. 
A 50 cycle filter is incorporated to 
minimise a.c. pick-up from the bridge, 
and any residual pick-up can be cancelled 
by means of a balance control. 

Sensitivities are 50 pV, 250 pV, and 
5 mV, selected by means of a three 
position switch. A battery switch pro- 
vides for 6 V, 6 V reversed, and 45 V. 
The 6 V reversed position is useful for 
low resistance measurements in the 
presence of thermal e.m.f.s. A panel 
mounted set zero control is fitted, but the 
stability is such that only occasional 
adjustment is required. A control for 
balancing out residual hum pick-up in the 
bridge or test circuit is fitted on the front 
panel. 

The power supply is 200-250 volts, 
50 cycles, 40 watts. 

Full details may be obtained by circling 
No. 24 under New Instruments on the 
reply paid form. 


Comparator Bridge 
THIs instrument has been designed to 
measure resistors in terms of a standard 
resistor over the range 10 n to 5 Man, 
the % difference between the two being 
indicated on a meter. 

An a.c. bridge is used having two of 
its arms connected to two pairs of ter- 
minals on the front panel. The other two 
arms contain high stability precision 
wirewound resistors. 

_The bridge output is fed into a stable 
high gain amplifier and thence to a phase 
sensitive detector. The detector is 
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connected to a 4 in. centre zero meter 
calibrated + 1% f.s.d. 

A decade switch changes the range to 

- 0-:1% so that resistors can easily be 
compared to an accuracy of better than 
0-01%. 

The power supply is 200-250 volts, 50 
cycles, 40 watts. The dimensions are 
7 in. wide 8 in. high x 10 in. deep 
(18 cm x 20-5 cm x 52-4cm). The weight 
is 16 lb. 

Full details may be obtained by circling 
No. 25 under New Instruments on the 
reply paid form. 





Comparator bridge. 


E.M.I. Precision Data Processive 
Components 

To meet the needs of its own Computing 
Division, as well as those of others requir- 
ing electronic components and ancillary 
data processing equipment, E.M.I.Electro- 
nics Ltd. is manufacturing a new series of 
EMIDATA components. 

Included amongst these is a fast start/ 
stop digital tape deck, which was shown 
at the Electronic Computer Exhibition. 

In the EMIDATA 1 in. tape deck bi- 
directional tape speeds of 200 in./sec, with 
start and stop times of 4 milliseconds, are 
achieved by an advanced design of vacuum 
capstan. 

Located below each main drive capstan 
is a tape bin which provides buffer 
storage between the tape spools and the 
capstans. These bins are electrically 
sensed to measure the amount of tape in 
them and the tape in each bin is maintained 
at a predetermined level by the servo 
controlled main tape spools and vacuum 
binning capstans. 

A new instrumentation tape deck has 
been specially designed. Four of its 
speeds within the range 4 to 120 in./sec 
can be selected instantaneously, and up to 
24 channels on 1 in. tape provided. Tapes 
made on one machine may be replayed on 
another of the same type with complete 
reliability, The equipment, which has 
been designed to give utmost flexibility to 
meet the diverse needs of modern data 
processing systems, provides 4 or 6 tape 
speeds on any deck, 

E.M.I. has also developed a range of 
magnetic drum stores. These drum stores 
are high capacity units of superior 
reliability and performance, they are avail- 
able with capacities of 8,000 or 16,000 
words. 
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Printed circuits head switching units 
form an integral part of the drum assembly 
and have first rate accessibility. 

The EMIDATA Type ‘B’ range of 
magnetic heads have been developed to 
meet the need for an inexpensive but 
reliable unit for digital work. They are 
designed for “out of contact’’ operation on 
magnetic drum and tape stores. Both the 
Type ‘A’ and ‘B’ designs afford the highest 
standards in precision manufacture and 
mechanical stability, resulting in a high 
performance of the standard required for 
modern digital data processing. 

These components are being marketed 
by Components and Graphic Arts Division 
of E.M.1. Electronics Ltd., and full details 
may be obtained by circling No. 26 under 
New Instruments on the reply paid form. 


Feed-through Insulator 
AN improved feed-through insulator, the 
Harwin W.7901 has a solid hot tin dipped 
conductor securely bonded into an alkyd 
body. 

The increased size of pin maintains true 
concentricity, and prevents earth faults 
through distortion during moulding. 

Working voltage 500 V. (r.m.s.) 

Current capacity 2 amp 

Temperature 80°C (Constant) 

100°C (Intermittent) 

Full details may be obtained by circling 
No. 27 under New Instruments on the 
reply paid form. 





Feed-through insulators. 


Foxboro-Yoxall’s Consotrol Range 
FoxBorRo-YOXALL’s Consotrol range of 
indicators, controllers and recorders has 
been developed to meet the needs of 
centralised control systems. 

The instruments shown on the graphic 
panel include M/54/58 pull-out recorder 
controllers, M/54 indicators, M/5001 ribbon 
indicators, M/57 switch and regulator sub- 
panels and various signal lights and can- 
cellation buttons used in the alarm system. 

Two of the M/54/58 pull-out recorder 
controllers are shown partially withdrawn 
on the left. These instruments slide in 
and out of a sheet-steel housing which is 
secured to the panel and to which are 
attached the external connections. These 
electric and pneumatic connections are of 
the plug-in type and when the unit is 
withdrawn from the panel a series of air 
check valves automatically closes to 
prevent loss of pressure in the impulse 
lines. 
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A.C. Inductive Pick-offs 


ELECTRICAL CHARACTERISTICS 





Performance at 
selected frequencies 





( Frequency* 


one- 
Gf Hl GOO Voltage 


Current (on recommended load) 


4 Operating range 
ill 


Linearity errort over + -020" displacement from 
null position 









Output voltage per 001° displacement 


50 c.p.s. | 400 c.p.s.| 2-4 Ke/s 
| | 
av. | DY. 1ISV. 


43mA | 34mA | 24mA 


| 
+025" | 4-025" | +-025 








Recommended phase correction capacitor 


Recommended load 


Phase relationship of output voltage to input 
voltage at 020" displacement (corrected) 


Output phase change through null position 





— | 
| 
25% | 10% | 1-5% 
0-075V.| O55V. | 13V. 
a ee 
Hyuk none | Olpt 
| required 


| 33Ka SKa 


| 
* | 

S° lag | S° lag 
| 











* Other excitation frequencies may be employed 


tLinearity error is the departure from the ideal — 
straight line expressed as a percentage of the 
output at 020° displacement 


MECHANICAL CHARACTERISTICS 


Mechanical limit of displacement ... 
Force required to displace armature at null position 


Weight of armature . 





Weight of complete unit 





Write, call or telephone 
for your copy of Sperry 
Brochure No. 767A. 


Operating temperature range 








10° lead 
180° | (180 180° 
+ 030" Min. 


150 gm. (5-3 oz.) 
17-2 gm. (0°6 02.) 
180 gm. (6-4 oz.) 
o- — 40°C. to + 75°C. 
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SPERRY a.c. INDUCTIVE PICK-OFEFS 


to signal linear or rotary displacements 


SPERRY GYROSCOPE COMPANY LIMITED, GREAT WEST RD., 
Telephone EALing 6771 Telex 23800 
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BRENTFORD, MIDDLESEX 
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This pull-out feature allows a complete 
instrument to be replaced with the mini- 
mum of interference with the process 
operation It can be removed from the 
panel and replaced by a service spare unit 
on which the setting index and controller 
: settings have been adjusted to agree with 
the values already obtained. 

Although the M/54 occupies a panel area 
of only 6 in. 6 in. and can be mounted 
on centre lines as close as 7 in., it has a full 
4 in. wide chart of exceptional clarity. The 
instrument in the centre of the photograph 
is shown with the chart mechanism pulled 
; forward ready for chart changing. 

3 On the left of the oper instrument a 

M/54 indicator is shown. This instrument 

is in all respects identical to the M/54 

recorder except that the chart drive 
iY mechanism is replaced by an indicating 
: scale. The parts are interchangeable with 
the recorder and all functions, e.g., set 
point change and auto-manual transfer, 
are the same. This means that the operator 
is not faced with different operations on 
the same panel in order to perform the 
same functions from instrument to instru- 
ment 

The two M/54/58 recorder controllers 
in the top left of the illustration are linked, 
as part of a cascade control system, with 
M/57 SR switch and regulator sub-panels 
(seen immediately below the two instru- 
ments). These small panels provide for 
manual operation of the control valve and 
manual setting of the control index from 
the front of the panel. 

Further information may be obtained 
by circling No. 28 under New Instruments 
on the reply paid form. 








N.S.F. Hermetically Sealed Relay 
THE type ‘‘M”’ relay is designed to achieve 
outstanding reliability under extreme 
environmental conditions of high accelera- 
tion, severe mechanical shock and working 
temperatures from —65°C to +-125°C. 

This relay has a balanced rotary type 
‘ which 


armature, rotating on an axis 
passes through the centre of gravity of 
the relay, switching a maximum of six 
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Consotrol panel. 


The relay is filled 
prevent contact 


changeover circuits. 
with an inert gas to 
corrosion. 

Originally designed to meet the require- 
ments of United States Military Specifica- 
tions MIL-R-5757B and MIL-R-25018, 
the relay is manufactured by N.S.F. under 
licence from Westinghouse Brake and 
Signal Company Limited. 

Full details may be obtained by circling 
No. 29 under New Instruments on the 
reply paid form. 





N.S.F. relay. 


Shaw Recording Hygrometer 
THE Shaw recording hygrometer gives 
full scale deflection for readings of 5% 
rh. or less and also gives warning of 
any increase in humidity in less than one 
second. 

The sensing of moisture is done by a 
new type of small element. As the sensing 
device is in the form of a_ variable 
capacitance, contamination does not pre- 
sent the difficulties experienced with other 
hygrometers which use conductive type 
elements. 

The small detecting element 
of a capacitor with a hygroscopic dielectric 
only a few microns thick, covered with 
24 carat gold. 

The detector is contained in a small, 
strong, fine wire gauze protector, which 
plugs into a coaxial cable connecting it to 


consists 
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the recorder. The detecting element is 
1 cm in diameter and 6 cm long, and can 
be used with any length of cable An 
element for use in industrial dryers at 
temperatures up to 150°C is available. 

Delivery can be made from stock of 
this small mains operated recorder, also 
of dial and alarm hygrometers 

Full details may be obtained by circling 
No. 30 under New Instruments on the 
reply paid form. 


Flame Failure Safeguard and 
Programming Control 

FIREYE System FJ-2 provides automatic 
starting and operating flame failure 
protection for commercial light oil, gas, 
and combination light oil/gas burners. It 
uses the Fireye lead sulphide cell, which 
visually detects both gas and oil flames 
Resistance of the cell varies when it 
“sees’’ infra-red radiation. The electronic 
circuit amplifies only the pulsating 
frequency peculiar to flame radiation. The 
system thus easily discriminates between 
flame and hot refractory or other sources 
of infra-red. The single Type 48PT1 
Scanner supervises both pilot and main 
flames. The system does not allow the 
main fuel valve to open unless the pilot 
flame has been established. Where direct 
electric spark ignition is used, the control 
allows the main fuel valve to open for a 
five second trial-for-ignition period. 


System FJ-2 shuts off all fuel within 
two to four seconds following flame 
failure. The Type 29RF5 Control pro 


grammes the operating 
blower and/or burner motor, ignition, and 
fuel valve. It also provides a purge 
period, before and after each firing period 
The control cycles automatically during 
normal operation on a call for heat, but 
must be manually reset following flame 
failure. System FJ-2 includes a safe-start 
interlock, whereby component _failur 
within the Fireye equipment or th¢ 


sequence of 


presence of actual or simulated flame 
prior to start-up will prevent burner 
operation. 

Full details may be obtained by circling 
No. 31 under New Instruments on the 


reply paid form 


Fireve programmer. 








Circle 60 for further information 
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with ht these advantages! 





An A,E.1. Company 
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Every feature of this Sunvic recorder makes for greater ease and 
versatility. It continuously displays three variables and is available 
as a single or duplex recorder or as control station with auto/manual 
switching. Also for use as a slave control station in a cascaded system. 


All movements interchangeable. Accuracy 0.5", 


Plus 


Chassis completely removable without tools: Sunvic self- 
sealing sockets prevent air leakage when withdrawn 


All zero adjustments from front 


Detachable and interchangeable chart drive mechanism with 
pen cleaning wire clipped on 


Six month’s supply of ink in plastic container remote from 
chart to avoid spillage 


Further details in Technical Publication 1241. For a copy please 
contact: 


SUNVIC CONTROLS LIMITED 
P.O.BOX 1 - HARLOW - ESSEX - Telephone: HARLOW 25271. 


ty. 


Recording 





control station with 


chassis withdrawn. At the rear 
is the manifold for a ‘Sunvic’ 
plug-in controller. 





The detachable clock mechanism 


which facilitates chart changing 





Not ony indtucments but complete insburmentation 


for integrated monitoring, control and data handling of nuclear reactors and industrial processes. 


— 
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2nd International Congress of 
Polarography 
THE congress will be held in the University 
of Cambridge from 24th to 29th August, 
and will consist of scientific sessions 
(original papers, reviews and discussions) 
and exhibition of commercial equipment, 
demonstrations of laboratory apparatus, 
visits to local industry and places of 


interest and social functions. A support- 
ing programme for ladies is being 
arranged. 

The scientific programme will be 


divided into the following sections: 

1. Instrumentation. 

2. Theory and kinetics. 

3. Analytical and industrial applica- 

tions. 

4. Fundamental studies. 

5. Biological and medical applications. 

6. Miscellaneous. 

There will also be four plenary lectures 
by world authorities and six section 
lectures. 

Contributions will be welcome and 
details should be submitted to :— 

G. F. Reynolds, M.Sc., F.R.I.C., 

Chemical Inspectorate, 

Ministry of Supply, 

C. 36, Royal Arsenal, 

Woolwich, 

London, S.E.18. 

Notification of intention to submit a 
communication should be made as soon 
as possible and in any case not later than 
3lst March, by which date a summary 
not exceeding 200 words is also required. 
_ Preprints of all papers will be issued and 
final manuscripts must therefore be 
received not later than 31st May. 

Requests for application forms and 
further details should be sent to:— 

Mrs. B. Lamb, B.Sc., F.R.I.C., 

Chemistry Laboratory, 

Evershed and Vignoles, 

Corner of Iveagh Avenue, 

North Circular Road, 

London, N.W.10. 


BICC-Telcon Link-Up 

THERE has been, over the last few years, 
a small but growing co-operation between 
British Insulated Callender’s Cables 
Limited (BICC) and the Telegraph 
Construction and Maintenance Company 
Limited (Telcon) particularly in certain 
countries overseas and on specific technical 
problems, which has been of mutual 
benefit. 

As a result of this experience and having 
full regard to the conditions now applying 
and likely to apply in their respective 
fields of activities the directors of both 
companies are convinced that a unifica- 
tion of their interests is desirable. Accord- 
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ingly, at the request of both parties, an 
independent firm of Chartered Account- 
ants, Messrs. Thomson McLintock & Co., 
were asked to investigate the position 
and suggest a basis upon which the 
respective interests might be merged. As 
a result, it is now proposed that BICC 
should make an offer to acquire the entire 
share capital of Telcon on an exchange 
of shares basis and that Telcon, with its 
fine name and long tradition should 
continue as a separate entity within the 
BICC Group. 

From an _ overall aspect, there is 
undoubtedly a need for some form of 
integration and rationalisation within the 
cable-making industry to meet the 
problems of over-equipment and _ the 
substantial costs of keeping abreast of 
modern technical developments. 

The main potential benefits to both 
companies are the broadening of their 
base on the metals side, their respective 
interests in these fields being comple- 
mentary to each other; the benefits which 
can accrue through a co-ordination of 
research and development effort and the 
rationalisation of production and sales in 
fields in which both companies are 
interested, and the complete co-ordination 
of their interests in overseas investments 
It will also give BICC an: interest in long 
continuous lengths of submarine telephone 
cables in which field BICC can, through 
its wide telecommunications and _ sub- 
marine power cable interests, make a 
valuable contribution. 


Simmonds Aerocessories Limited Form 
German Subsidiary 


SIMMONDS AEROCESSORIES LIMITED., a 
member of the Firth Cleveland Group, 
announce the formation in Germany of 
Deutsche Firth Cleveland GmbH, as a 
subsidiary company. The new company 
has taken over extensive offices at 
Neckarauerstrasse 245-53, Mannheim, 
(Tel.: Mannheim 41458, Telegraphic 
Addresses: ‘Aerocessim Mannheim’ and 
‘Fircleve, Mannheim’). 

The new company has been set up in 
anticipation of the establishment of the 
Common Market and the Free Trade Area, 
and it will undertake the marketing in 
Germany of most of the products of 
Simmonds Aerocessories Limited a3 well 
as those made by Simmonds Britsh 
subsidiary—Firth Cleveland Instruments 
Limited. 

Mr. A. A. Puth has been appointed 
general manager of Deutsche Firth Cleve- 
land GmbH. He is assisted by Mr. H. 
Seiler as Surform sales manager. 

All the products handled by the new 
company will continue to be made in 
Treforest, Glamorganshire, 
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Oliver Pell Control Limited 

Appointed Agents 
OLIVER PELL CONTROL LIMITED announce 
that they have been appointed sole 
selling agents to Christian Dunker A.G. 
of Bonndorf/Schwarzwald, Western Ger- 
many for the sale of their high efficiency 
motors. 


James Gordon Valves Limited 


THIS company has been formed to take 
over the valve activities of James Gordon 
& Company Limited, a member of the 
Elliott-Automation Group. The new 
company will handle the design, manu- 
facture and sale of the specialised Gordon 
range of control valves, which include 
tight shutting butterfly valves developed 
during recent years for such applications 
as gas cooled nuclear reactors and wind 
tunnel dampers. 

James Gordon Valves Limited, will have 
its headquarters at Airport Works, 
Rochester, which is already the home of 
the other valve companies within the 
Elliott-Automation Group. The directors 
are G. C. Fairbanks, H. Masheder, J. E. 
O’Breen and H. R. Walton. 


New Agency for Industrial instruments 
INDUSTRIAL INSTRUMENTS LtpD., 32 
Buckingham Palace Road, London, S.W.1, 
(Tel.: VICtoria 0657), announce that they 
have taken over the representation for 
London and South East England of 
Electronic Switchgear (London) Ltd. 

The Electronic Switchgear range 
includes: electrolytic conductivity control, 
level controls, registration control, batch 
counters and process timers. 

Literature concerning all these products 
is available on request. 

Industrial Instruments Ltd. also 
announce that they gave up the represen- 
tation of West Instruments Ltd., as and 
from the 3lst December, 1958. 


Swiss Scientists Visit Britain 

THE experimental water-cooled reactor at 
Zurich is the latest reactor to be supplied 
with advanced equipment for the detec- 
tion of faulty fuel elements by Plessey 
Nucleonics Limited; they have supplied a 
number of European reactors, including 
Britain's Calder Hall, with similar 
nucleonic instruments. 

The photograph shows Dr. Denis Taylor 
(centre), director and general manager of 
Plessey Nucleonics Limited, discussing a 
component of the faulty fuel element leak 
detector with Dr. H. Albers (left) and 
Mr. P. Moser (right), representatives of 
Reaktor A.G., the company responsible 
for constructing the Swiss reactor. 





Swiss scientists visit Britain. 
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S.I.M.A. members 


Scientific Instrument Manufacturers at 
Central Office of Information 


THE second party of members of the 
Scientific Instrument Manufacturers’ 
Association to visit the Central Office of 
Information this year were received by 
the Controller (Overseas), Mr. E. C. R. 
Hadfield, on 9th December, 1958. They 
afterwards toured the Overseas Press 
Services, Films, Publications and Photo- 
graphs Divisions of C.O.1. and were the 
guests at lunch of the director general, 
Mr. T. Fife Clark. 

The party included: Mr. C. R. B. 
Spencer, S.I.M.A.; Mr. R. E. Hill, Avo 
Ltd.; Mr. M. Johnstone, Burndept Ltd.; 
Mr. W. E. Lamb, Cambridge Instrument 
Co. Ltd.; Mr. L. A. Woodhead, Cossor 
Instruments Ltd.; Mr. W. E. Mason, 
Dawe Instruments Ltd.; Mr. F. H. Spur- 
ling, Ekco Electronics Ltd.; Mr. W. A. 
Burnside, Ellis Optical Co.; Mr. J. C. 
Heywood, Ferranti Ltd.; Mr. F. Russell, 
A. Gallenkamp & Co. Ltd.; Mr. B. Row- 
land Hill, Muirhead & Co. Ltd.; Mr. L. B. 
Lambert, Negretti & Zambra Ltd.; Mr. VP. 
Currah, Rank Precision Industries Ltd.; 
Mr. L. Hare, Sigma Instrument Co. Ltd.; 
Mr. E. J. Bound, Sperry Gyroscope Ltd. ; 
Mr. A. Richardson, Stanhope-Seta Ltd. 


E.M.!. Data Processing System for 
Harwell 

\ TRANSISTORISED data recording and 
analysing system has been developed by 
E.M.I. Electronics Ltd., in conjunction 
with the U.K. Atomic Energy Authority, 
scientists and engineers, to assist in hand- 
ling the enormous quantities of statistical 
data nowadays required from nuclear 
experiments at the Atomic’ Energy 
Research Establishment at Harwell. 

Continuous monitoring of nuclear 
experiments for periods of up to 24 hours’ 
duration is often necessary, and the 
quantity of data required may involve 
many millions of separate measurements 
to accuracies of 0-1 per cent or less. The 
new system has been designed to meet this 
need. 

The system is made up of a number of 
self contained recording units and a 


central high-speed analyser. The recording 
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at Central Office 








of Information. 


units, situated near the experimental 
rig, take the measured quantities, for 
example, the neutron time of flight, and 
scintillation counter identity, and convert 
them into binary coded digital form. The 
coded data at a typical resolution of 
0-2 percent is then recorded on magnetic 
tape in parallel form on 16 channels on 
1 in. wide tape. 

At the end of the recording run, the 
tapes are removed from the recording 
units for high speed processing on the 
central analyser. Both the experimental 
rig, which may well involve a nuclear 
pile, together with a host of auxiliary 
apparatus, and the recording units are 
immediately treed for another experi- 
mental run. 

The analyser handles the tapes at speeds 
of up to 100 in. per second, and the digital 
information is read off the tape at high 
speed and automatically sorted into 
ordered array on a ferrite core store. As 
the information is now in ordered form in 
this store, it is a simple matter to read 
it out at speed, and in a sequence, suited 
to any further data processing required. 

The core store contents can, for 
example, be transferred on to punched 
paper tape for direct input to a digital 
computer, and further calculations on the 
statistical data carried out. Punched 
card or graphical output from the core 
store can also be provided. 

The system is being applied initially to 
neutron spectrometry measurements but 
because of the logical design of the system, 
it is readily adapted to any instrumenta- 


tion problem where data has to be 
acquired over a long time, making 
magnetic tape storage an attractive 
feature. 


When data is arriving at fast rates, the 
magnetic recording stage can be _ by- 
passed, and after the data has been 
converted into digital form by the circuits 
contained in the recording units, it can 
be directly sorted into the core store of 
the analyser. 

The use of a limited range of plug-in 
printed circuit transistor ‘‘cards’’ leads to 
flexibility of logical design, and ease of 
maintenance. 
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National Institute for Research in 

Nuclear Science 
THE National Institute for Research jp 
Nuclear Science announce that contracts 
have been placed for electrical equipment 
to supply power to the magnet of the 
7,000 million electron volt proton synch- 
rotron which is being built for them by 
the United Kingdom Atomic Energy 
Authority at the Rutherford High Energy 
Laboratory, Harwell. The British Brown- 
Boveri Co. Ltd. have been awarded the 
contract for the convertor plant at a 
cost of over £500,000. 

The English Electric Co. Ltd. have been 
awarded the contract for the rotating 
machinery at a cost of over £470,000. 

The purpose of this equipment is to 


supply accurately regulated pulses of 
power to the windings of the eight sections 
of the synchrotron’s 7,000 ton ring- 
shaped electro-magnet, to keep _ the 


protons in their path as they are accel- 
erated. 35 megajoules of energy has to 
be converted ftom stored energy in 
flywheels to field energy in the magnet 
at a controlled rate during three-quarters 
of a second while the protons are being 
accelerated, then returned to the fly- 
wheels for about a second until the next 
pulse. The rotating machinery consists 
principally of two large motor-alternator- 
flywheel sets mechanically coupled to- 
gether. The power fed in by the motors to 
keep the process going is 10,000 h.p. The 
convertor plant includes excitrons, which 
are large mercury vapour switches, timing 
and control equipment, and transformers. 
Messrs. Brown-Boveri, of Switzerland, have 
designed similar equipment for the large 
proton synchrotron under construction 
for the European Nuclear Research 
Centre (“CERN’’) at Geneva. 


Pye Argon Chromatograph in the U.S.A. 
AFTER a_ successful tour in Western 
Germany, resulting in several large orders, 
the Pye argon chromatograph is now being 
demonstrated throughout the U.S.A. 

Mr. R. S. Evans, of W. G. Pye & Co. 
Ltd., in conjunction with their distributors, 
the Jarrell Ash Co., has planned a three 
month itinerary covering the larger 
industrial centres and universities. 

The argon chromatograph has already 
been wel! received in several countries 
and rfumerous orders have been placed. 
It is anticipated that within the next 
three months several hundred argon 
chromatographs will be installed in 
laboratories throughout the world. 





Pye argon chromatograph. 
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1883 instrument. 


1883 Instrument Found 


THE moving-iron instrument illustrated, 
was ‘discovered’ by Messrs. Tyer & Co. 
Ltd., Railway Signalling Engineers of 
Dalston, when they recently moved out 
of their old premises. 

Some research into its history revealed 
that it was built in 1883 by R. E. Cromp- 
ton & Co.—now Crompton Parkinson Ltd. 

The instrument is in remarkably good 
condition and has an interesting feature 
in that the hand-engraved scales are 
denoted ‘Current’ and ‘Potential’ but the 
terminal posts are marked ‘Amperes’ and 
‘Volts’. Since the International Electrical 
Congress did not regularise these latter 
terms until its first meeting in 1881, it 
appears likely that this was one of the 
first measuring instruments to use the 
new nomenclature. 

No control springs are fitted, the earth’s 
magnetic field being used to provide a 
restoring torque. As the instrument was 
intended for horizontal operation it 
would have to be lined up due north- 
south before functioning; al] 19th century 
switchboards incorporating instruments 
with similar movements, must therefore, 
have been aligned due east-west. 


National Lending Library for Science 

and Technology 
THE Department of Scientific and Indust- 
rial Research will take over part of the 
former Royal Ordnance Factory at Thorp 
Arch, near Boston Spa, Yorkshire, for 
the use of the new National Lending 
Library for Science and Technology. 
Present proposals indicate that the library 
will begin operating at Thorp Arch in 
1961 and become fully operational during 
the following year. Existing large single- 
story buildings will be converted into 
offices and book-stores, and the site 
provides adequate room for expansion in 
the future. 

The new library—the nucleus of which 
already exists in the D.S.I.R. Lending 
library Unit now at Chester Terrace, 
Regents Park, London—will cover all 
subjects in science and technology, except 
for some fields of medicine. It will take 
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over the responsibility for the lending 
service now provided by the Science 
Museum Library, which in future will 
concentrate on serving the needs of the 
enlarged Imperial College of Science and 
Technology. It is also taking over some 
of the literature now heid by the Science 
Museum Library. 

The present Lending Library Unit has 
been collecting literature for the National 
Library since 1957. It already operates a 
loan service for Russian literature which 
is being progressively extended to cover 
publications from other countries. Even- 
tually, much of the scientific and techno- 
logical literature in the world will be 
included in this collection, to make it the 
most comprehensive of its kind in the 
United Kingdom. 

The new library in Yorkshire will make 
its unique collection available to research 
industrial, educational and other organisa- 
tions by loans and photographic repro- 
duction. Its primary objective will be 
to encourage the greater use of scientific 
and technical literature. One important 
activity will be the expansion of work on 
the translation of Russian scientific 
literature, now organised by the Lending 
Library Unit, in collaboration with the 
National Science Foundation in the United 
States. 


Lewcos and A.E.I. 


THE directors of The London Electric 
Wire Company and Smiths, Limited, 
announce that, with a view to effecting an 
amalgamation between the Company and 
Associated Electrical Industries Limited, 
they have agreed with the directors of 
A.E.I. the terms of a conditional offer 
which has been made by A.E.I. to acquire 
the whole of the issued Share Capital of 
the Company. 

A.E.I., subject to the conditions set 
out below, has offered :-— 

(a) To acquire the Ordinary Stock of 
L.E.W. on the basis that A.E.1. 
will allot 5 A.E.I. Ordinary Shares 
for every £4 L.E.W. Ordinary 
Stock and will pay 4/- in cash for 
every {1 L.E.W. Ordinary Stock. 

(b) To acquire the Preference Stock 
of L.E.W. on the basis that A.E.I. 
will allot 5 A.E.I. 44% ‘B’ Pre- 
ference Shares for every £3 of 
74% L.E.W. Preference Stock and 
will pay 1/- in cash for every {1 
L.E.W. Preference Stock. 

The new A.E.I. Ordinary Shares will 
not rank for the final dividend for 1958 
but L.E.W. will shortly pay a second 
interim dividend of 10% to its Ordinary 
Stockholders in respect of that year. 

The offer is conditional upon its accept- 
ance in respect of not less than 90% of 
both the Preference and the Ordinary 
Stock of L.E.W. (or such lesser percent- 
ages as A.E.I. may agree) and is also 
conditional upon the increase in the 
capital of A.E.I. referred to below, 
Treasury consent to the issue of the new 
shares and Stock Exchange quotation. 

The directors of L.E.W. who are 
together substantial holders of Ordinary 
Stock have agreed to accept this offer in 
respect of their own holdings. Circulars 
giving particulars will be posted to 
Stockholders of L.E.W. as soon as possible. 

The Directors of A.E.I. will convene an 
Extraordinary General Meeting of A.E.1., 


INSTRUMENT PRACTICE 


to authorise an increase of £3,700,000 in 
the Share Capital for the purpose of the 
above exchange. A circular giving parti- 
culars of the proposed amalgamation will 
accompany the notice convening the 
Extraordinary General Meeting. 


Physical Society 
1959 Craftsmanship Competition 


THE following is the general comment by 
the judges: 

Classes I and V (Scientific Instruments, 
Components and Instructional Items). 

Workmanship again of an extremely 
high order and there were far fewer 
faults to be found with those prize- 
winners who did not enter the prize list 
than has been the case in previous years 
The judges regretted that there were not 
sufficient prizes to be awarded to every- 
body. 

Class II (Microwave Components). 

In the Senior Grade the standard of 
workmanship was very disappointing and 
the judges did not consider that any 
award was justified. They would like 
to see an increased entry with an improved 
standard of workmanship. In the Junior 
Grade there was also room for considerable 
improvement. particularly in detailed 
work and finish. The standard was poor 
by comparison with the entries in the 
instrument making section. 

Class III (Optical Components) 

Although there were only two entrants 
for Class III this year, the optical quality 
of the work submitted was extremely 
high. 

Class IV (Blown Glass and Silica Ware). 

The judges commented on the very high 
standard of the exhibits entered this year. 
Considerable difficulty was found in the 
judges reaching their decision due to the 
high standard of work submitted. 

Class VI 

The judges regretted that there were no 
entries for Class VI which, in their view, 
gave considerable scope for young people. 
The Silvanus P. Thompson Prize. 

One general fault is the lack of boldness 
in the shape of the work failing to give 
sufficient contrast with the dimension 
lines. The judges would like to see more 
extensive use made of datum lines for 
dimensioning components on drawings. 

Models: The work was of an extremely 
high standard and the judges had a very 
difficult task in deciding the prizewinner. 
It was very gratifying to see the increased 
number of entries in this extremely 
difficult class. The judges hoped that the 
improvement would be maintained in 
future years. 


Inertial Navigation for Stand-off Bomb 


ELLIOTT BROTHERS (LONDON) LTD., a 
member of the Elliott-Automation Group, 
announces that, in conjunction with the 
Ministry of Supply and the Royal Aircraft 
Establishment, Farnborough, it has 
developed the inertial navigation system 
for the Avro stand-off bomb. 

In view of the importance of the 
applications for the techniques of inertial 
navigation, Elliott Brothers has formed 
a separate Inertial Navigation Division. 

Mr. W. A. Fraser has been appointed 
manager of the new division. 
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Sunvic Symposium on Process 

Instrumentation 
A ONE-DAY symposium on ‘‘Instrumenta- 
tion in the Process Industries’’ was 
recently organised by Sunvic Controls 
Limited. It was attended by more than 
fifty directors and technical/commercial 
executives from other companies in the 
A.E.I. group as well as from chemical and 
petroleum companies and _ electricity 
authorities. Chairman of the symposium 
was Mr. N. R. Davis, managing director of 
Sunvic Controls. 

Five papers were delivered by Sunvic 
executives. They covered techniques 
and applications of automatic control and 
instrumentation as at present applied 
to processes involving continuous flow 
production, especially oil, chemicals and 
nuclear power and also surveyed future 
development and trends. Considerable 
emphasis was placed on data processing 
and automatic computation, particularly 
in relation to possible applications in 
fully automatic plant control. The 
commercial implications of an increasingly 
important role for instrumentation were 
also considered. 

In addition to hearing these papers and 
discussing their content, visitors had an 
opportunity to inspect current Sunvic 
production of potentiometric recorders, 
data logging units, reactor instrumenta- 
tion, and naval control panels as well as 
watching a complete data handling unit 
demonstrated. They also visited the 
Sunvic mobile exhibition vehicle to see 
demonstrations of pneumatic instruments. 


Russian Scientists Visit English Electric 


A PARTY of six Russian scientists from the 
U.S.S.R. Academy of Sciences, led by 
Professor B. S. Sotskov, recently visited 
The English Electric Company's works 
and research laboratories at Stafford and 
Kidsgrove. 

The visit formed part of a full pro- 
gramme for the Soviet scientists, arranged 
jointly by the British Council and the 
Institution of Electrical Engineers. 

During the visit the Russian party saw 
heavy electrical plant being made for 
export to many parts of the world, and 
some of the company’s research work and 
production of automatic control and 
electronic computing equipment, including 
the “‘Deuce’’ computer. 


Mullard Educational Service 


THE Mullard Educational Service has 
announced the release of a new film 
entitled ‘“Vacuum Practice’ and a new 
filmstrip dealing with ‘‘The Principles of 
the Cathode Ray Tube’’. 

“Vacuum Practice’’ (16 mm, sound, 
black and white) runs for 16 minutes. It 
has been made in conjunction with the 
Educational Foundation for Visual Aids 
and is an addition to the Advanced 
Science Series aimed at science sixth 
forms and technical colleges. Teaching 
notes are supplied with the film. 

The film begins by establishing the 
nature of a vacuum, and shows how vacua 
are obtained, measured and maintained. 
The last part illustrates a number of 
uses of vacuum techniques in industry, 
including the manufacture of radio 
valves and cathode ray tubes, the de- 
positing of thin metal films as, for 
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example, in making mirrors, the new 
process of freeze-drying, and metal- 
casting. A variety of applications have 
been featured to make the film of interest 
in most branches of science. 

“Vacuum Practice’ is available on 
hire from the Educational Foundation 
for Visual Aids, Film Library, Brooklands 
House, Weybridge, Surrey. 

“The Principles of the Cathode Ray 
Tube’ is in colour and comprises 21 
frames. It is the latest in the recently 
introduced series of filmstrips intended 
chiefly for sixth form use. Apart from 
illustrating the structure of cathode ray 
tube electrodes, and demonstrating the 
principles of focusing, deflection and the 
ion trap, the filmstrip also shows how the 
cathode ray tube may be used for analys- 
ing waveforms. A comprehensive set 
of teaching notes is supplied. 

“The Principles of the Cathode Ray 
Tube”’ is available on sale from the 
distributors, Unicorn Head Visual Aids 
Ltd., 42 Westminster Palace Gardens, 
Victoria Street, S.W.1, price 20/- a copy, 
including the notes. 


Evershed Representation in the North 


On Ist December, 1958, Evershed & 
Vignoles Ltd. opened a district office at :— 
14 Yarm Lane, 
Stockton-on-Tees. 
Telephone: Stockton 64288. 

This office is in charge of Mr. W. H. M. 
Hoyle who, operating from his private 
address, has represented the company 
since October, 1955. Office hours will be 
9 a.m. to 12-30 p.m. and 2 p.m. to 5 p.m., 
Mondays to Fridays inclusive. 

The Northern Area Office at :— 

116 Manningham Lane, 

Bradford, 8. 

Telephone: 28083, 
will continue to hold an overall respon- 
sibility for the Northern Counties and in 
addition has a staff of fully trained 
engineers for servicing the firm’s products 
on site. This office is open from 9 a.m. to 
5 p.m., Mondays to Fridays inclusive. 

Requests for service may be made to 
either office. 


Some Aspects of Magnetism 
THE Institute of Physics announces that 
it is arranging a Conference on “Some 
Aspects of Magnetism’’ to take place in 
Sheffield from 22nd to 24th September, 
1959. 

The subjects to be covered by the con- 
ference are :— 

(a) Fundamental theories of ferro-, 
ferri- and antiferro-magnetism, 
including magnetic structure. 

(b) Theories of technical magnetisa- 
tion processes, including hystere- 
sis, coercivity, anisotropy and 
directional effects. 

(c) Theoretical and experimental 
studies of domain phenomena in 
bulk materials and thin films. 

(d) Experimental and _ theoretical 
studies of antiferromagnetism 
in metals and non-metals. 

Each session will be opened by an 
invited speaker. The conference is 
intended mainly for persons working in 
the field. Abstracts (but not preprints) 
will be circulated before the conference, 
the proceedings of which will not be 
published in full. 
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Automation Speeds Production 


THE importance of the application of 
what might be termed the more elemen- 
tary forms of automation in small factories 
and undertakings was stressed by Mr, 
L.. Landon Goodman, B.Sc.(Eng.), 
A.M.I.Mech.E., A.M.I.E.E., Industria] 
Specialist of the Electrical Development 
Association, during histalk after the dinner 
of the Slough and District Productivity 
Association. Simple mechanical devices 
such as the addition of a power-operated 
feed or a turret or a multi-drill attachment 
to a standard bench drill—or all three 
together—for drilling or tapping were 
important steps in the development of 
automation, together with such items as 
air-operated vices. 

Small indexing tables could form a 
basis of automatic assembly machines, 
These machines were being used to 
assemble and hence boost the production 
of typewriter erasers from three hundred 
to over one thousand assemblies per hour, 
of hinge assemblies from one hundred and 
fifty to two thousand per hour. Other 
articles being assembled automatically 
in small factories were ball pens and roller 
skate wheels. Apart from _ increasing 
output per worker, automatic assembly 
methods gave a better quality production 
—though greater care had to be exercised 
in the uniformity of the material fed into 
the assembly machines. Several types 
of operations could be carried out by 
such machines, including drilling, tapping, 
gauging, chamfering and so on. Another 
technique which could follow on the 
installation of simple flexible devices for 
feeding machines was the installation of 
interlinking units. 

Mr. Landon Goodman emphasised that 
the introduction of automation required 
the integration of many sides of the 
production process. To achieve a success- 
ful result it was necessary to consider 
carefully the process, the handling, the 
layout, the design of the product and 
many other factors. New processing 
methods often permitted automatic work- 
ing to be easily applied. Electrolytic 
deburring of clutch plates for a starter 
motor was now carried out at six a time in 
three minutes, previously it took a 
skilled operator fifteen minutes for each 
one (and then they were rarely all satis- 
factoty). These techniques, said Mr. 
Landon Goodman, should be carried into 
the finishing processes and the use of 
pre-finished material such as_plastic- 
covered sheet steel, which could be pressed, 
sealed or welded, could do much to reduce 
the amount of finishing required, allowing 
the pre-finishing to take place under 
conditions ideally suitable for the applica- 
tion of automation. 

Ultrasonic cleaning was one of the new 
techniques which had a wide range of 
applications in factories. It was being 
employed, too, in hospitals for cleaning of 
surgical instruments. The application of 
a vacuum above the cleaning solvent 
made for even greater effectiveness. Air- 
pockets were removed from any complex 
components and the entire service had 
then a good solvent/surface contact which 
was essential for good cleaning. With 
increasing use of finely engineered instru- 
ments such techniques obviously had 
increasing importance. 
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Bimcam Entertains 

A LUNCHEON was given at the Kensington 
Palace Hotel on Wednesday, 10th Dec- 
ember, by the British Industrial Measur- 
ing & Control Apparatus Manufacturers’ 
Association to mark the visit to this 
country of delegates from Belgium, France, 
Germany, India, United States of America 
and the U.S.S.R. attending the Con- 
ference of the International Organisation 
for Standardisation (I.S.0.) concerned 
with Liquid Flow Measurement in Open 
Channels 

In addition to the overseas delegates, 
there were present technical officers of 
the U.K. member body (British Standards 
Institution), representatives of Research 
Institutes and the industry serving on the 
appropriate Technical Committee. 

At the end of the lunch, Shri Kanwar 
Sain, from India, who was leading the 
delegation, expressed the delegates’ thanks 
for the occasion. 


Teddington Aircraft Controls Limited 


TEDDINGTON AIRCRAFT CONTROLS LTD., 
of Merthyr Tydfil, a member of the 
Teddington Group of Companies control- 
led by the British Thermostat Co. Ltd., 
announce that they have formed an 
Atomic Energy Division. 

Mr. C. D. Boadle, formerly of Harwell 
and Rolls-Royce Limited, has recently 
joined the company and _ has_ been 
appointed technical manager of this new 
division with Mr. C. R. Peter as liaison 
executive. 


G. H. Zeal Northern Representative 
Mr. D. G. TurRNER, of 66 Windemere 
Street West, Gateshead-on-Tyne, 8, County 
Durham, has now been appointed in 
succession to the late Mr. G. A. Smith as 
Northern representative for,Messrs. G. H. 
Zeal Ltd., Lombard Road, Morden Road, 
London, S.W.19, and will commence his 
duties from Ist January, 1959. 


New A.E.I. Employee Policy 


Tue foundation of the industrial policy 
ef the A.E.1. Group of Companies is to 
provide continuing work for its employees, 
to increase their individual security with 
length of service and to give the earliest 
practicable notification of any change in 
the prospects of employment. 

Accordingly, every hourly paid em- 
ployee, under sixty-five years of age 
for men and sixty for women, who nor- 
mally works the full nationally recognised 
working week, and who has, in the current 
period of employment, served the company 
continuously for three years after the 
age of eighteen, will be entitled to one 
extra week’s notice of termination of 
employment for every two years’ total 
service from the age of eighteen, in 
addition to the normal one week’s notice. 
For example, a man of twenty-two, who 
has served the company for four years, 
will be entitled to three weeks’ notice, 
or one who has served the company for 
twenty years, to eleven weeks’ notice. 

For the purpose of securing work 
elsewhere in the event of notice being 
given, such employees will, if working 
the full normal week, be granted one 
day’s special leave of absence during 
each week of extra notice, to be taken in 
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agreement with the management and 
paid at designated rates. 

Introducing the scheme in a leaflet 
inserted in the pay packets of many of the 
employees in the Group, Lord Chandos 
said :— 

“The output of A.E.I. has risen steadily 
since 1945. In 1958 we estimate that it 
will be up again by about 7} per cent in 
value. 

“Even if we do not include new 
companies that have joined the group 
since 1945, the numbers of those we 
employ in A.E.I. has also gone up steadily. 

“We expect that the demand for 
electricity in the world will nearly double 
itself in the next ten years and that 
therefore the upward trend in our numbers 
will continue. 

“From these facts you can judge that 
the scheme described in this leaflet is 
not put out because of expected redun- 
dancy: it is rather designed to give all 
those whom we now employ a greater 
sense of security concerning their con- 
tinuing employment. 

“We hope you will appreciate these 
measures. They are a gesture and a 
token of confidence to the 100,000 people 
in A.E.I. 

“We have faith that the loyalty to the 
company which you have given over so 
many years will be further fostered and 
strengthened by these new measures.”’ 


Journal of Mechanical Engineering 
Science 


THE Council of the Institution of Mechani- 
cal Engineers have decided to issue a new 
publication to be known as the “ Journal of 
Mechanical Engineering Science’. This 
new journal will be issued quarterly and 
will be available at subscription rates to 
members and non-members of the 
Institution. Its main purpose will be to 
provide a forum for Specialised and 
scientific contributions in the field of 
mechanical engineering. 

Further details of the new publication 
will be announced in due course. 


Solartron Rights Issue Big Success 
THE recent Rights Issue of Ordinary 
Shares made by the Solartron Electronic 
Group, Ltd. was heavily oversubscribed 
by the existing shareholders. 

Together with a bonus issue, the 
Ordinary Capital of the Group is now 
increased to £220,000. 


300 Tour Plessey Factory at Swindon 
More than 300 Swindon members of the 
Foremen and Staff Mutual Benefit Society 
recently toured the Plessey factory at 
Cheney Manor, Swindon. 

Sir Thomas F. Borwick, group general 
manager, welcomed the visitors and Mr. 
A. E. Underwood, resident director, later 
gave a talk in which he traced the history 
of the company from its early beginning 
at Ilford. 

Mr. J. Tyldesley, a director of Garrard 
Engineering and Manufacturing Co. Ltd., 
who is chairman of the Swindon branch 
of the society, replied on behalf of the 
guests. This was followed by a conducted 
tour of the factory, and refreshments. 

Products manufactured at the Cheney 
Manor factory include electrical con- 
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nectors, capacitors and resistors and 


industrial hydraulic equipment. 


“Marconi Week” at the Waldorf 


MARCONI INSTRUMENTS Ltp. staged a 
comprehensive private exhibition of their 
telecommunication measurement equip- 
ment at the Waldorf Hotel, Aldwych, 
London, W.C.2, from 19th to 24th 
January, inclusive. 

In the absence of the I.E.A. Exhibition 
in 1959, Marconi Instruments felt it 
was essential that instrument users in the 
South of England should still have the 
opportunity of seeing their latest develop- 
ments, and this show at the Waldorf 
included a number of most interesting 
designs. 


Solartron Swedish Company 
THE third overseas subsidiary company 
of the Solartron Electronic Group, Ltd., 
Thames Ditton, Surrey, England, is in 
the course of formation in Sweden. The 
company, in Stockholm, will be managed 
by Mr. Kurt P. Kallgren, aged 38 years,] 
who joined the group on Ist November. 


West Instrument Ltd. London Office 

West INSTRUMENT LTD., manufacturers 
of temperature control equipment, will 
open a London office on Ist January, 1959. 

Two area managers have been appointed 
and they will take up their duties on 
Ist January. They will be responsible 
for West Instrument sales and service 
in London and the Home Counties. 

Mr. L. M. Collyer, B.Sc., is to be area 
manager for Central London, Surrey 
Hants, Berks, Oxford, Buckingham- 
shire, Wiltshire, Dorset and 1.0.W. 

Mr. N. J. Riddett, B.Sc., is to be area 
manager for Kent, Essex, Middlesex, 
Herts, Bedfordshire, Huntingdon, Cam- 
bridgeshire, Norfolk and Suffolk. 

From Ist January, 1959, it has been 
agreed that West sales and service will 
no longer be handled by Industrial 
Instruments Ltd., formerly West’s London 
and Home Counties agents. 


Siemens} Edison Swan Limited 
Reorganise 
As part of the long term reorganisation 
of the A.E.I. Group, Siemens Edison Swan 
Ltd. are shortly to be divided into three 
divisions: telecommunications 
and radio and electronic components. 

Controlling these divisions will be Mr, 
J. S. A. Bunting, Mr. W. G. Patterson and 
Mr. J. W. Ridgeway who will hold 
appointments on the board of A.E.I. 
Divisional Management Company Ltd. 

The Cables Division commenced opera- 
tions on Ist January, 1959. The work 
of this division will embrace power cables 
and lines, telephone cable and loading 
coils, rubber and plastic cables, cable and 
lighting installation, distribution equip- 
ment, wiring accessories. 

The Telecommunications Division also 
began its activities on the Ist January, 
1959. The activities of the division 
will comprise public telephone apparatus 
private telephones, telecommunications 
transmission, marine, electronic control 
and indication. 

The Radio and Electronics Division will 
come into operation on the Ist January, 
1960, 


cables, 
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Fly goods BOAC—for fastest delivery by modern airliners to most of the 


world’s important centres. BOAC’s new London Airport warehouse Lt 
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Fastest overnight service to New York. 
Special collection nightly (Mondays 
to Saturdays) from Paddington, Euston, 
St. Pancras and King’s Cross for same- 
night despatch. Also frequent services 
to Boston, Detroit, Chicago and San 
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Lt.-Col. J. P. Flowerdew 

Lt.-Col. J. P. Flowerdew has_ been 
appointed production manager at Servo- 
mex Controls Ltd., Crowborough, Sussex. 
Col. Flowerdew achieved first-class honours 
in mechanical sciences, at Cambridge and 
later gained a wide experience in arma- 
ment design in his army career. In his 
new appointment he will be directly in 
charge of all production facilities at 
Servomex and will later take over 
responsibility for the production engi- 
neering and final design of the equipment. 


Mr. W. E. Wright 
The death occurred recently of Mr 
William Elkington Wright, F.C.S., a 
director of the Pyrene Co. Ltd. 


Mr. R. B. Nicholes 

Mr. Ralph B. Nicholes, A.M.I.R.S.E., 
has been appointed sales manager of West 
Electrical Instrument Co. Ltd. 

After active service with the Royal 
Engineers, Mr. Nicholes joined the 
Westinghouse Brake & Signal Co. Ltd. 
in 1947, where he was engaged in the 
design and installation of railway signalling 
projects. In 1953 he was appointed to the 
sales staff of Le Carbone (Great Britain) 
Ltd 


Mr. L. Grainger 
The United Kingdom Atomic Energy 
Authority have appointed Mr. L. Grainger, 
B.Sc., A.M.Inst.Met., as head of the 
Metallurgy Division in the Authority's 


Research Group at Harwell. He is to 
succeed Dr. H. M. Finniston, B.Sc., 
Ph.D., A.R.I.C., who is being released by 


agreement to take up appointment with 
the Nuclear Power Plant Company. 


Mr. P. D. Hall. 
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PERSONALITIES 


Lt.-Col. Re P. llowerdew. 


Mr. E. Lawrence. 
New Appointments at Mervyn 
Instruments 
Mervyn Instruments, of Woking, 


Surrey, have enlarged their marketing 
organisation by the appointment of the 
following: 
Mr. V. M. Farrant, M.Inst.Pet., as 
sales promotion manager. 
Mr. P. M. Bartlett, B.Sc. (Eng.), as 
divisional sales manager. 
Mr. J. A. Shelton and Mr. A. E. 
Deslandes as technical liaison officers. 
Both Mr. V. M. Farrant and Mr. P. M. 
Bartlett have had considerable association 
with the production and refining sides of 
the petroleum industry, as well as in 
sales and distribution. Mr. Shelton, who 
spent the war years in Government service 
as an electronics specialist, and has also 
been in control of production units in the 
electrical and electronics field, will pay 
particular attention to the needs of 
Government Departments and associated 
Research and Production Corporations. 

Mervyn Instruments are well known 
for developing scientific instruments from 
the application of electronic, mechanical 
and optical skills, in co-operation with 
A.E.R.E., C.E.R.L., W.P.R.L. and other 
such bodies. In establishing the close 
contact necessary for the economic 
evolution of these ideas from prototype 
to standard instrument, Mr. Shelton and 
Mr. Deslandes will help to canalise the 
Mervyn service. . 

Mr. Farrant and Mr. Bartlett have in 
hand presentation of a new and extended 
range of Mervyn scientific instruments, 
such as the new infra-red spectrometer, 
the square wave polarograph Mk. III, 
the sulphur dioxide recorder, gas mixing 
unit, and several other new projects for 
the chemical, petroleum and _ heavy 
industries of this country and overseas. 


Mr. S. C. Leslie 
Associated Electrical Industries 
announce the appointment of Mr. S. C. 
Leslie as consultant on Information 
Policy, both external and internal. The 
appointment will take effect in February. 


Mr. P. D. Hall and Mr. J. R. Pickin 


Ferranti Ltd. announce the following 
appointments: 
Mr. P. D. Hall, B.Sc., M.1.E.E., has 


been appointed manager of the company’s 
Computer Department following the 
resignation of Mr. B. W. Pollard. 

Mr. Hall, aged 39, joined the company 
in 1951 as a senior electronics development 
engineer and was appointed manager of 
the Electronics Department in 1955 

Mr. J. R. Pickin, B.A.(Hons.), aged 31, 
succeeds Mr. Hall as manager of the 
Electronics Department. He was formerly 
chief engineer working on microwave 
devices. 
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Mr. J.R. Pickin, 










Mr. E. Lawrence 

After 20 years with the Telephone Manu- 
facturing Co. Ltd.—11 as sales manager 
to the Components Division—Mr. E. 
Lawrence has now joined P. X. Fox Ltd., 
precision potentiometer manufacturers, as 
sales manager and has opened a London 
office. 

Mr. N. J. Chanter 

Mr. N. Chanter, M.Sc., D.I.C., 
A.R.C.S., A.M.I.E.E., has been appointed 
manager of the Transmitting & Microwave 
Division of The Mullard Radio Valve Co. 
Ltd. In this capacity he will be in charge 
of the Mullard Transmitting & Microwave 
Valve Prodfiction Unit at Waddon, 
Surrey. This unit comprises both the 
factory and development and applications 
laboratories. 

For the past 12 years Mr. Chanter has 
been head of the Microwave Valve Division 
of the Mullard Research Laboratories, 
during which period he has been responsible 
for the development of many new devices 
and techniques applicable in the fields of 
radar and communications. 


Mr. E. Marland 

Mr. E. Marland has been appointed 
commercial manager of the Capacitors and 
Resistors Division of The Plessey Company 
Limited at Swindon. He joined the com- 
pany in 1953 as a technical representative 
for the Aircraft Electrical Division and 
later became contracts manager and 
eventually sales and commercial manager 
of the Wiring Division. 

Prior to joining The Plessey Company 
Limited, Mr. Marland spent 14 years with 
The General Electric Company Limited, 
latterly as technical superintendent of the 
lamp works in Lancashire. 











Mr. J. Horridge 


Commander P. W. Kent, R.N., chair- 
man of George Kent Ltd., recently pre- 
sented a farewell gift to Mr. J. Horridge, 
works manager since June, 1951, who will 
be retiring early in 1959 on medical 
grounds. The gift was subscribed for by 
all Mr. Horridge’s friends in the Kent 
factories at Luton, Hitchin and Resolven, 
South Wales. 

Mr. Horridge has been away from work 
forsome months owing to illness. Although 
he will not be returning to executive 
duties, he will remain available for con- 
sultation by higher management until his 
official retirement at the end of March. 

Owing to the retirement, the company 
has had to reorganise considerably on the 
works’ side, and it is announced that 
Mr. J. F. Willsher has been appointed 
general works manager. 


Mr. G. G. Gouriet 


Mr. G. G. Gouriet, M.I.E.E., head of the 
Television Group—Research Department 
of the B.B.C., has resigned to join the 
board of Wayne Kerr Laboratories, 
Chessington, Surrey. 

He is a well-known figure in international 
radio and television. He was a United 
Kingdom delegate of Study Group XI of 
the Consulting Committee for International 
Radio, and recently has been elected a 
member of the Radio and Telecommunica- 
tions Section Committee of the I.E.E. 


Mr. T. E. Parkinson and 
Mr. G. H. C. Goodban 


Mr. T. E. Parkinson has been appointed 
to the board of the Elgar Machine Tool 
Co. Ltd. He will act in the capacity of 
general sales manager 

Mr. G. H. C. Goodban has_ been 
appointed to the board of the Press and 
Shear Machinery Co. Ltd. He will be 
responsible for sales and general manage- 
ment, but will remain a director of the 
Elgar Machine Tool Co. Ltd. 


Fielden Electronics Limited 
Appointments 


Fielden Electronics Ltd. have formed 
three new sales divisions: London, the 
North-East and the Midlands. 

Appointments recently made in these 
divisions are as follows: 

Mr. R. Speller, after three years as 
company representativein London (North), 
becomes manager of the London Sales 
Division. 

Mr. F. G. Totty, formerly Yorkshire 
representative, becomes North-Eastern 
Sales Division manager, based on Stockton. 

Mr. F. B. Price, for many years Fielden 
representative in the Midlands, assumes 
the management of the Midlands -Sales 
Division. 


Ministry of Supply Appointments 


The Ministry of Sypply announces the 
following appointments: 

(1) Mr. W. H. Stephens as director- 
general, Ballistic Missiles: 

(2) Mr. S. F. Follett as deputy director, 
Royal Aircraft Establishment, Farn- 
borough, in succession to Mr. Stephens; 
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(3) Mr. L. T. D. Williams as director- 
general, Ministry of Supply Staff, British 
Joint Services Mission, Washington, in 
succession to Mr. Follett; 

(4) Mr. J. H. Phillips as director, 
Guided Weapons (Techniques). 

These appointments take effect early in 
1959. 


Mr. H. G. Nelson 


The English Electric Company Limited 
announces that Mr. H. G. Nelson, 
M.Inst.C.E., M.I.Mech.E., M.I.E.E., man- 
aging director of The English Electric 
Company Limited, has also been appointed 
deputy chairman of the following 
subsidiary companies of the group: 
D. Napier & Son Limited; 
Marconi’s Wireless Telegraph Company 
Limited ; 

Marconi Instruments Limited; 

English Electric Valve Company 
Limited ; 

Vulcan Foundry Limited; 

Robert Stephenson & Hawthorns 
Limited ; 

and of the associated company, 

The Marconi International Marine 

Communication Company Limited. 


Solartron and Mr. George S. Sanders 


Mr. George S. Sanders, B.Sc. (Eng.), 
A.C.G.1., A.M.I.Mech.E., aged 38 years, 
was appointed, recently, head of the 
newly-formed Group Productivity Services 
Department of the Solartron Electronic 
Group Ltd., Thames Ditton, Surrey. 

Mr. Sanders was born at Kenilworth, 
Warwickshire, and educated at St. Albans 
School, Hertfordshire, and at City and 
Guilds College, South Kensington, London. 

After qualifying, he joined Imperial 
Chemical Industries Ltd., General Chemi- 
cals Division, as a plant engineer. From 
1942 to 1945 he specialised in design work 
in armaments, returning in 1945 to the 
Plastics Division of I.C.I. Ltd. 

In 1948 he joined the well-known firm 
of Management Consultants, Urwick, Orr 
and Partners.Ltd. During the following 
ten years he was to gain an extremely 
broad industrial experience, particularly 
in the fields of industrial organisation, 
production and administration. He was 
placed, in due course, in charge of manage- 
ment training and, later, became a 
senior supervising consultant. With this 
exceptionally wide background and under- 
standing of industrial problems, he joined 
Solartron recently to establish and 
organise the Group Productivity Services 
Department. 


New Ferranti Director 


Mr. J. N. Toothill, C.B.E., F.C.W.A., 
Comp.I.E.E., Comp.Brit.1.R.E., F.R.S.E., 
has been made a director of Ferranti 
Limited. Mr. Toothill joined Ferranti 
Limited in 1935 as chief cost accountant, 
and was appointed general manager of the 
Edinburgh Factory in 1942, which position 
he still holds. 

Mr. Toothill has been closely associated 
with the company’s activities in the 
electronic field, and was awarded the 
C.B.E. in 1955. 

Mr. Toothill is a vice-president of the 
Scottish Council (Development and 
Industry) and chairman of the Finance 
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and Research Committees; a member of 
the Scottish Regional Council of F.B.1., 
the Scottish Civil Aviation Advisory 
Council, the Electronic Engineering 
Association Council, and the Equipment 
Group Committee of the Society of 
British Aircraft Constructors. He is also 
a governor of the College of Aeronautics, 
Cranfield. 


Mr. E. K. Cole 


On Tuesday, 4th November, Mr. E. K, 
Cole, chairman and managing director of 
E. K. Cole Ltd., received the C.B.E. from 
H.M. the Queen at an_ investiture at 
Buckingham Palace. The award was 
announced in the last Birthday Honours 
List. 

Mr. Cole was accompanied to the Palace 
by his wife and their son, Derek. 


Mr. R. J. Green 
Mr. R. J. Green has left Norlond Press 
and joined Technograph Printed Circuits 
Limited as publicity officer and personal 
assistant to the general manager. 


Ferranti Appointment 

Ferranti Ltd. announce the following 
appointments:— Mr. A. J]. Gray, B.Sc., 
A.M.I1.E.E., has been appointed general 
works manager of the company with effect 
from the Ist January, 1959, following the 
retirement of Mr. W. Hunt, M.B.E., J.P. 

Mr. Gray, aged 48, joined Ferranti Ltd. 
in 1935 and was works manager of the 
company’s transformer department from 
1946 until taking up his new appointment. 

Mr. G. R. C. McDowell, B.Sc., succeeds 
Mr. Gray as works manager of transformer 
department. 


Admiral Sir Ralph Edwards 

Elliott Bros. (London) Ltd. announced 
that Admiral Sir Ralph A. B. Edwards, 
K.C.B., C.B.E., has joined the Board. 

Until he retired from the Navy this year, 
Sir Ralph Edwards was Commander-in- 
Chief N.A.T.O. Naval Forces in the 
Mediterranean and Commander-in-Chief 
Mediterranean Fleet. From 1953-1956 
he was Third Sea Lord and Controller of 
the Navy and had previously served at 
the Admiralty as Deputy Chief of the 
Naval Staff from 1948-1950. 

During the war he served as Director 
of Operations at the Admiralty, Chief 
of Staff of the Australian Fleet and 
Commander of the New Zealand cruiser 
Gambia. 


Mr. D. C. Lorkin 

Lancashire Dynamo Holdings Limited 
announce the appointment of Mr. D. C. 
Lorkin, F.C.I.S., previously joint manag- 
ing director with Mr. S. F. Steward, 
C.B.E., as the managing director of the 
company. 

This appointment is consequent upon 
Mr. Steward’s resignation of the position 
of joint mauaging director of the company 
and his appointment as director-designate 
of B.E.A.M.A. 

Mr. Lorkin joined Lancashire Dynamo 
& Crypto Ltd. in 1932, becoming 4 
director in 1946 and managing director mm 
1951, a position he still retains. 

It will be recalled that Lt.-Col. G. S. 
Marston, D.S.O., M.C., became chairman 
of the company in August last year. 
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Circle 62 for further information 


ca ee 


* 
, There’s more 
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, meets the eye 


..and the story 
really starts here 


For instance much of Veridia tubing 
is 48° long (and we can’t show that). 
It’s almost perfect; 
it’s made to a close tolerance 
of + 0.01 mm. (0.0004”)—and we 
can’t show that! Veridia is 
widely used in the construction 
of industrial and laboratory 
measuring devices as well as 
for making accurate jets and for 
extruding and spinning plastic 
materials into threads of 
controlled diameter—and we can’t 
show these or there wouldn’t be any 
room for the copy. What we can do is 
to invite you to write for literature. 
Will you do that? 





hance. 


Veridia... 
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to VERIDIA than 











PRECISION BORE GLASS TUBING 


CHANCE GLASS 
FOR SCIENCE, INDUSTRY 
AND THE HOME 








CHANCE BROTHERS LIMITED, GLASS WORKS, SMETHWICK, 40 BIRMINGHAM 
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..» SPECIFY SUNVIC 


Sunvic components are widely used for controlling equipment 
such as moulding presses, furnaces, incubators, chemical plant, 
etc. Together with the Sunvic potentiometric recorder they also 
have numerous applications in scientific and industrial research 
particularly for measuring controlling and recording temperature 
and small electrical quantities. 

If you have a specific problem or would like technical information 
on any or all Sunvic components, please contact Sunvic Controls 
Ltd., P.O. Box 1, Harlow, Essex. Tel: Harlow 25271. 








ADJUSTABLE 
BIMETAL THERMOSTATS 


Sunvic TS thermostats are operated 
by a bimetal strip wound into the form of a 
helix. Can be used to control temperatures of up to 
300°C. (570°F.) for a variety of applications in 
research and industry. Models available for air 
temperature control of rooms, cold storage and drying 
chambers, for oven control and general laboratory work, 
and with a sensitivity of +1/10°C. for very accurate control. 


ENERGY REGULATORS 


The Sunvic energy regulator effects its 
control by periodically switching on and off 
the power, the ratio of the on-time to the 
total time determining the average power 
input, which is continuously variable. 
Available in several forms with a continuous 
rating of 1kW at 230V. A.C.; also supplied 
with an HVS relay for larger loads. 





HOTWIRE VACUUM SWITCH 
(HVS) TUBES AND RELAYS 


Available either as a loose tube for switching up to 
10 kW at 400V. A.C. or D.C. or as a complete relay 
either enclosed in a plastic box or mounted on a 
paxolin base for incorporation in customer's 

own equipment. For single—or three-phase A.C. 
applications. Advantages are: no arcing; silent 
operation; low, non-inductive operating current; 
A.C. or D.C.; inductive or non-inductive loads. 








relays, thermestats, time dalays, energy regulators, 
An A€.|. Company D.C. amplifiers and potentiometric recorders — 
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Mr. J. A. Gay 


Gay has been appointed 


Mr. J. A. 
patents exploitation officer to the United 


Kingdom Atomic Energy Authority in 
succession to Mr. T. Benson Gyles. 

Mr. Gay, who is 36, was formerly in 
the commercial department of the 
authority’s Industrial Group. 

Inventions developed in the course 
of atomic energy work and which are 
available for commercial exploitation 
continue to be filed at the rate of about 
eight a month. Many of them may be 
applied in a wide variety of industries, 
both inside and outside atomic energy, 
and the total number of inventions 
available for use by firms is now well 
over 400. Application for details of 
such inventions should be made to Mr. 
Gay at the United Kingdom Atomic 
Energy Authority, 11 Charles II Street, 
London, S.W.1. 


Mr. R. Walker 


Mr. R. Walker has been appointed as 
first general sales manager of Rank- 
XeroX Limited. 

Mr. Walker, national sales 
manager of the Accounting Machines 
Division of Remington Rand Limited, 
has already taken up his appointment. 
He is responsible for directing the sales 
of Rank-XeroX manual and automatic 
xerographic equipment in the home and 
export markets. 


formerly 


Mr. J. C. Driver 

Mr. J. C. Driver, B.Sc., formerly chief 
inspector of West Instrument Limited, 
has now been appointed applications 
engineer of the company. In this position 
he will be devoting all his time to studying 
possible applications for West temperature 
controllers. Some of his work will be 
concerned with requests for installations 
by customers. The remainder of his 
time will be devoted to testing instruments 
for new applications both on industrial 
production lines and in research labora- 
tories 

Mr. Driver recently toured Holland 
with West’s agent in the Netherlands, 
Mr. Van Berg, of G. L. Loos & Co., of 
Amsterdam. They visited existing and 
potential customers. 


SOCIETY OF 
INSTRUMENT 
TECHNOLOGY 


South Yorkshire Section 

THE third meeting of the 1958/59 session 
was held at Bradford Technical College on 
Monday, the 8th December, 1958. Mr. S. I. 
Anderson, of the Wool Industries Research 
Association, gave an informative talk 
entitled “Some Instruments in Use in 
Textile Testing’. 

Mr. Anderson confined his remarks to 
instruments used for the testing and 
quality control of textile fibres and 
finished cloth. After a short description 
of the manufacturing process for woollen 
cloth and a comparison of the variations 
in physical properties of wool, terylene 
and cotton, the great need for testing 
instruments became apparent. The very 
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wide variations of the properties of wool 
and cotton fibres had made necessary the 
development of instruments that would 
enable standards to be fixed for the sale of 
raw and partly processed materials within 
the industry and for finished cloth. 

The first group of instruments dis- 
cussed were those used for moisture 
content determination. This measurement 
is very important as moisture content 
greatly affects the weight of fibre or 
finished cloth. 

Instruments to determine fibre thick- 
ness were first introduced by the Shirley 
Institute in 1930 and developments of 
these instruments are being used today 
in the manufacturing process. A photo- 
electric instrument has been developed for 
thickness measurements and these instru- 
ments are being used on carding engines, 
so bringing the manufacturing process one 
stage nearer complete automation. 

Instruments for fibre length, fineness, 
size and strength were all described and 
their particular usefulness pointed out. 
The measurement of wear on textile pro- 
ducts has received a great deal of attention 
but it is extremely difficult to devise a 
satisfactory test as textiles are used in so 
many different ways. Wear test machines 
are available but their usefulness is 
limited. 

Mr. Anderson said that all the instru- 
ments described are producing information 
which will eventually enable textile manu- 
facture to become a continuous process, 
although this goal will take years to 
achieve. 

There was a long and interesting dis- 
cussion and it was obvious that everyone 
present had greatly enjoyed = Mr. 
Anderson’s comprehensive lecture. 


MANUFACTURERS’ 
PUBLICATIONS 


Flow Transmitter 

This extracts the square root of flow 
differential measurements to produce a 
pneumatic signal proportional to rate of 
flow and transmits to indicating, recording, 
integrating, and/or controlling equipment 
at remote stations. 

It is designed for the measurement and 
transmission ot rate of flow of liquids and 
gases producing standard differential 
pressure ranges from 0 to 53 to 0 to 1,200 
in. w.g. under service pressures from 
400 to 6,000 p.s.i.g. 

For further information, please circle 1 
under Manufacturers’ Publications on the 
reply paid form. 


Level Transmitter 

It pneumatically transmits measure- 
ments of liquid level in pressure vessels to 
indicating, recording, and/or controlling 
equipment at remote stations. The trans- 
mitter directly indicates level. 

It is extremely useful for the measure- 
ment of boiler drum level or liquid level 
in pressure vessels over range spans of 
12 in. w.g. to 250 in. w.g. at maximum 
service pressures of 1,000 p.s.i.g. and up 
to 3,500 p.s.i.g. 

For further information, please circle 2 
under Manufacturers’ Publications on the 
reply paid form. 

¢ 
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Pressure Transmitter 

It is designed for pressure measurement 
of steam, liquids, and gases in pipes and 
pressure vessels with a minimum range of 
0 to 30 p.s.i.g. through a maximurn range 
of 0 to 5,000 p.s.i.g. 

For further information, please circle 3 
under Manufacturers’ Publications on the 
reply paid form. 


Square-Root Converter 

For converting non-linear pneumatic 
flow signals to linear pneumatic output 
signals for indicating, recording, and 
control purposes. 

By extracting square-root function, the 
square-root converter gives full control 
rangeability to differential pressure trans- 
mitters. 

A quick check of transmitter _per- 
formance is provided by indication of 
pneumatic output signal corresponding to 
rate of flow. 

For further information, please circle 4 
under Manufacturers’ Publications on the 
reply paid form 


Computing Relay 

The computing relay receives pneumatic 
signals from transmitters, controllers, and 
or relays and produces a control signal 
according to the computing or control 
action desired. 

It is designed for single and multi- 
element control systems. 

As a controller it provides the following 
control actions: proportional, proportional 
plus integral, proportional plus derivative, 
proportional plus integral plus derivative, 
and floating (integral only). 

As a computer it can multiply, divide, 
reverse, subtract, average, or  totalise 
pneumatic signals. 

More complex functions are possible if 
more than one relay is used. 

For further information, please circle 5 
under Manufacturers’ Publications on the 
reply paid form. 


Miniature Selector Valve 

This provides necessary indications and 
controls for hand operation of a pneumatic 
control syscem and for transferring the 
system from hand to automatic control. 

It is designed for use in single- and 
multi-element pneumatic control systems. 

For further information, please circle 6 
under Manufacturers’ Publications on the 
reply paid form. 


Positioner 

It positions a pneumatic power unit 
precisely in linear or non-linear relation to 
pneumatic signals, by translating them 
into control signals which correct for 
undesirable characteristics of the final 
control element. It also develops pnev- 
matic signals in a predetermined relation- 
ship to the position of a regulating device 
or movement actuated by external force 

It is intended for use where pneumatic 
ally-operated power units and diaphragm 
or piston-operated valves require variable 
amounts of force due to load or unbalance 
in final control elements being positioned 
It may also be used where small changes 
in pneumatic signals are to be amplified 
or where sequential control is required to 
effect proper operation. 

For further information, please circle 7 
under Manufacturers’ Publications on the 
reply paid form. 
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Circle 64 for further information 


LLOYD PARKINSON 
PANELS 








DESIGNED TO 
INDIVIDUAL 
REQUIREMENTS 


| 


| Manufactured by Craftsmen 











LLOYD PARKINSON LIMITED 


9 ETHELRED STREET *~ LONDON « S.E.II Telephone ~* RELiance 343] 












First for fine instruments . . . 





THERMOMETERS 


Virtually every type of laboratory, 








Anschutz 
Thermometers: 
set of 7, each of 
approx. 55° 
range, covering 
i oe 


a ee ‘ Beckmann 
; Thermometers: 


Solid stem with 
conventional ‘U’ 
tube adjustment or 
with improved pipette 

adjustment covering 
spans of 6°C. divisions, 
in 0-o1°C. divisions. 
12°C. in 002°C. 
divisions and 25°C. in 
005°C. divisions. 

Micro-Beckmann 
model covers 3°5°C. 
in 0-01°C. divisions. 


SHORT Se MASON LTD. Aneroid Works, 280 Wood Street, Walthamstow, London, E.17. Telephone: COPpermill 2203/4 





industrial and meteorological thermometer 






is available from Short & Mason. Representa- 







tive of the complete range are :— 












Micro-Bulb Thermometers: 
reading to 360°C. in 1° 





B.S. Calorimeter Thermometers: 





- 3 e or 2°C. divisions. 
6°C. ranges in 0-01°C., 


12° ranges in 0:02°C. 





ALSO: HORTVET THERMOMETERS, POCKET 
TEST THERMOMETERS, ETCHED STEM THER- 
MOMETERS, LABORATORY STANDARD 
THERMOMETERS, METEOROLOGICAL THER- 
MOMETERS, THERMOGRAPHS AND 
HYGROMETERS, ETC. 







PLEASE WRITE FOR FREE CATALOGUE AND PRICE LIST 












ee as —— = — ee eee 
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Temperature Transmitter 

The transmitter indicates temperature, 
and transmits pneumatically to indicating, 
recording, and/or controlling equipment at 
remote stations. 

Temperature measurement is achieved 
by a closed, non-diffusing, helium gas- 
filled system consisting of a temperature 
sensing bulb, 15 ft connecting capillary 
tubing, and a Bourdon tube. 

For further information, please circle 8 
under Manufacturers’ Publications on the 
reply paid form. 


Gas Analysers 

This publication describes the indica- 
tors, recordzrs and controllers available 
with the firm’s gas analysing systems. 
Indicators range from the 5 in. scale to 
the 10 in. scale including the moving dial 
variety. Multi-point models are described 
up to 24 points. Large circular scale 
electronic models are listed. 

Strip chart recorders are listed up lo 
12 points per model and these include an 
electronic recorder controller. 

For further information, please circle 9 
under Manufacturers’ Publications on the 
reply paid form. 






Instrument Lenses 

The list describes instrument lenses of 
three, four or more elements and ranging 
in focal length from 0-25 in. to 60 in. F 
values are from 1-9 to 6. 

For further information, please circle 10 
under Manufacturers’ Publications on the 
reply paid form. 


Trichloroethylene Degreasing Plant 

A pamphlet describes a totally enclosed 
semi-automatic degreasing plant. 

Full details may be obtained by circling 
11 under Manufacturers’ Publications on 
the reply paid form. 


Electronic Potentiometers 

The new electronic potentiometer is a 
high-speed, continuous balance null type 
instrument designed to measure low 
potential electrical values from signal 
sources such as thermocouples, resistance 
thermometers, flow meters, strain gauges, 
shaft position indicators, ete. The 
potentiometer is available as a single point 
recorder; a recorder with multiple alarm 
switching; a controller-recorder with two- 
step or proportional action and as a 
recorder-converter with pneumatic trans- 
mission signal of 3-15 p.s.i. The total 
motion is exercised through a single shaft 
which is mounted in ball races. The 
recording pan and indicating pointer, as 
well as the control and multiple alarm 
switching, proportional sender, pneumatic 
converter and coding number, are directly 
and positively related. Both the desired 
value indicator and the measured value 
pointer are readily observed from a 
distance. 

For further information, please circle 12 
under Manufacturers’ Publications on the 
reply paid form. 


Primary Temperature Elements 

This publication describes, in simple lan- 
guage, resistance thermometers, thermo- 
couples and radiation pyrometers. 

For a copy, please circle 13 under 
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Manufacturers’ Publications on the reply 
paid form. 


Thermocouple Selector 

An automatic thermocouple selector for 
switching up to 60 thermocouples is 
described. The operation can be carried 
out in a predetermined sequence by 
relays and uni-selectors. Scanning time 
for full complement of points is 10 minutes. 

For further information, please circle 14 
under Manufacturers’ Publications on the 
reply paid form. 


Spectrum Analyser 

The equipment described measures the 
power level in a selected band width 
centred at a variable frequency in the 
range 1-90 kc/s. Presentation is on a 
cathode ray oscilloscope. 

For further information, please circle 
15 under Manufacturers’ Publications 
on the reply paid form. 


Bibliography of Transistor Literature 

This bibliography covers 15 years of 
semi-conducting materials and transistors 
and contains 2,511 references. It is 
divided into semiconductors-theory and 
measurements, processing of semicon- 
ductors, rectifiers and diodes and transis- 
tors. 

For further information, please circle 16 
under Manufacturers’ Publications on the 
reply paid form. 


Open Hearth Instrumentation 


This publication describes the various 
phases of instrumentation in an open 
hearth furnace installation. Roof tem- 
perature measurement and control, fuel 
flow and gas flow measurement, fuel- 
combustion-air ratio control, oil atomising- 
steam ratio control, furnace pressure, 
checker temperature measurement and 
furnace reversal are described. 

For further information, please circle 17 
under Manufacturers’ Publications on the 
reply paid form. 


Electronic Instruments 

This catalogue describes damping con- 
stant meters, ultrasonic testers, stabilised 
power supplies, blocking oscillators, pulse 
generators, trigger generators, variable 
delay units, band pass filters, peak meters, 
noise meters, amplifiers, time calibrators, 
static neutralisers and so on. 

For further information, please circle 18 
under Manufacturers’ Publications on the 
reply paid form. 


Filters 

A folder describes all types of wire 
gauze filters and sieves. 

For further information please circle 19 
under Manufacturers’ Publications on the 
reply paid form. 


General Instruments 


A catalogue describes all patterns of 
a.c. and d.c. relays, contactors, timers, 
photo-electric smoke density equipment, 
liquid level controllers, bin level con- 
trollers, electronic counters, etc. 

For further information, please circle 20 
under Manufacturers’ Publications on the 
reply paid form. 
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Industrial Television 


The latest closed circuit industria] 
television equipment is described in this 
leafiet. 

For further information, please circle 21 
under Manufacturers’ Publications on the 
reply paid form. 


Automatic Package Monitor 

An electronic package monitor is 
described. The feed rate is 100 packages 
per minute, and inadequately filled ones 
are automatically rejected. Counters 
show the total number of satisfactory and 
unsatisfactory samples. 

For further information, please circle 22 
under Manufacturers’ Publications on the 
reply paid form. 





Australian Exhibition 

The first Australian exhibition of 
automatic analytical instruments is to be 
held in the Sydney showrooms of Watson 
Victor Ltd. during the fortnight beginning 
23rd February, 1959. The instruments, 
with a total value of about £35,000, will be 
representative of those made by Hilger & 
Watts Ltd., and it is indicative of the 
faith this firm has in the Australian 
market (and in the willingness of the 
Australian manufacturer to accept new 
methods) that they are prepared to make 
so heavy an outlay for exhibition purposes. 
Their sales director, Mr. D. R. Stanley, 
will be at the exhibition together with 
technical specialists from this country. 

Industrialists and scientists will be 
invited to the exhibition from all over 
Australia and will be able to see the 
instruments in full working order. Samples 
of steel and non-ferrous alloys will be 
tested and analysed and the _ results 
presented in no more than a few minutes. 
The advantages of instruments, able so 
quickly to complete analyses that might 
well take a chemist several hours, will 
need no stressing to Australian business- 
men, especially when it is remembered 
that the instruments can be used to 
analyse not only metals but powders, 
glasses, oils, ores, clays, and soils. Ina 
countrv with a large agricultural com- 
munity and where indusirialism is rapidly 
spreading, so that soil research and metal- 
lurgical and other forms of analysis are 
equally important, the exhibition should 
arouse great interest. 


Spediflam I! Burner Watcher Accepted 
for “Design Index” 


THE Spediflam IT burner watcher, manu- 
factured by Teddington Industrial Equip- 
ment Limited for the control and pro- 
tection of pressure jet oil burners, has 
just been accepted by the Council of 
Industrial Design for Design Index, the 
illustrated record of well-designed British 
goods from which exhibits to be displayed 
in the Design Centre are chosen. 

The particular model which has been 
accepted was exhibited for the first time 
at the Fuel Efficiency Exhibition im 
October and uses a new photo-resistive 
detector which is smaller and considerably 
more sensitive than the normal photo- 
emissive type. 
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Circle 66 for further information 


COMBENSATING AMPLIFIERS 
BY STERNS! 


The output current of the Compensating Amplifier is directly proportional to the input 
signal (d.c. current or voltage). 

Amplifiers are used for the following applications: 

Wattless amplification of small d.c. voltages and currents of the type appearing in 
the output circuit of chemical and physical active or inactive transmitters. 
Tele-transmission of measured values which can be represented as d.c. voltages or 
currents (temperatures by means of thermocouples or resistance thermometers,mechanically 
measured quantities by means of resistance transmitters). This system is suitable for 
transmission distances of up to 60 miles. 





Constant-Current Source 
The Constant-Current Source supplies a constant direct current of 5 mA and serves for: 
Conversion of resistance values into d.c. voltages at the measuring of temperatures 
by means of resistance thermometers operating in conjunction with a Compensating 
Amplifier. 
Supplying the operating current of resistance transmitters in tele-transmission 
systems. 
Electrical zero suppression in moving coil instruments. 
Supplying the operating current for bridge circuits to which moving coil instruments 
are connected. 


WRITE FOR LEAFLET EK3e 


Cc. Ve STERN INSTRUMENTS Compensating Amplifier EK3e 


OTHER INSTRUMENTS MANUFACTURED BY STERNS 
(GREAT BRITAIN) LTD. Strip Chart Recorders. 
as eee of the Thermo-electric type, range 
«g- \&. 
21 DEVONSHIRE STREET, LONDON, W.I Edgewise Temperature Indicators. Temp. On/Off Controllers. 








RESISTANCE 
BRIDGE 


A four dial D.C. resistance bridge. Range—.001 Ohm to 
1] Megohms. Balance indication is by a centre-zero micro- 











ammeter with maximum sensitivity 1.3 micro-amps. per 


division about zero and with a resistance of 70 Ohms. 


Stowage for Batteries and Test Leads is provided. The 
case is of hardwood. Aged Copper/Nickel wire is used 


for the resistances which have tolerances as follows:— 


; Ratios... fing eon os OM 
100 Ohms & 1000 Ohms i ee 
10 Ohms & 1 Ohn _... as oe 


Further details or demonstration can be arranged by 
application to:- 


GAMBRELL BROS. & CO.LTD. 


105-107 Lansdowne Rd., Croydon, Surrey 


PRICE £45 Telephone : Croydon 8282 








Circle 67 for further information 
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ROUND 
This 





everyday work 


LOCKING 





SYANUOS 


for 


who 
design 


and manufacture 


REMOTE VIEWING SYSTEMS 


to allow visual inspection 
of processes which require 


to be screened or baffled. 


ANNIESLAND, 
GLASGOW, W.3 


London Office: 
15 Victoria St., S.W.1 





BARR & STROUD, LTD. 


Circle 69 for further information 






RECORDERS 


FOR PRESSURE, TEMPERATURE AND SPEED 









The “DUNHAM” kKecorder. 
Quick delivery on pressures 
up to 300 ib. per sq. in. or 
vacuum with 24 hour record 
and spring clock. 













Tet: ALTrincham 2617 (3 tines) 
Regency House, !-4 Warwick St., London, W.I. 
Phone: GERrard 4822- Grams: Pyrometer, Piccy, London 
62 Robertson Street, Glasgow, C 2 dm BU. 35 























nak 





TESTED 


»* mm 
PROVEN 


— WEBB’S “One Day Service” 


for your urgent Varied and comprehen- 


Laboratory & sive stocks from a six- 


Prototype penny resistor to an 


requirements Eddystone VHF Receiver 


WEBB’S RADIO 


14 Soho Street, London, W.1. Telephone: GERrard 2089 
Shop Hours: 9 to 5.30 (7 p.m. Thursdays) and 9 to | Saturdays. 








PRECISION MACHINED PARTS 
IN METALS 


PLASTICS 






F. S. BOUGH & CO. LTD. 
| HAWKES LANE, WEST BROMWICH 


Telephone: WED 0318 
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tion Circle 72 for further information 


Extensively used at home and overseas, Northey 
Positive Rotary Compressors and Vacuum 
Pumps are ideal for Instrumentation and Labora- 
tory use. These precision-made machines are 
noted for their ““OIL FREE” feature, simplicity 
and reliability and are available for pressures 
up to 65 Ibs./sq. in. and vacua to within $} mm. 
Hg. Abs. 


OUT 


Yl 









‘ONL FREE’ COMPRESSORS AND VACUUM PUMPS 
a \S 


NO WEARING 
VANES — FREE 
FROM OIL AND 
OIL VAPOUR 





ROTARY COMPRESSORS LTO 


—" ALDER ROAD : PARKSTONE : POOLE : DORSET Telephone: PARKSTONE 4900 (2 lines) 


NEW 
WESTERN 





now have 





The “ULTIMET” Cubicle 


in production 


Standardisation enables the three 


sizes to be offered at extremely 





low prices. 








| NEW WESTERN (ENGINEERING) LTD., MEADOW LANE, LEEDS 1 


PHONE 23358 LEEDS 


ss ¥- 


‘ion rm Circle 73 for further information 
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CLASSIFIED 


ADVERTISEMENTS 


All advertisements must be PREPAID. Situations Wanted, 4d. per word. Minimum 6s. All other adver- 
tisements, 6d. per word, minimum of 10s. Semi-display adverti 4s. per line. Minimum £2. Display 
advertisements at tariff rates. Box Numbers count as four words. Replies forwarded Is. extra. Replies 
to Box Numbers must be addressed to Instrument Practice, 9 Gough Square, Fleet Street, London, E.C.4. 

The Proprietors reserve to themselves the right to refuse to insert an advertisement if they think proper 
to do so. All possible care is taken to ensure accuracy in setting up the advertisements, but should an error 
be made the Proprietors will not hold th Ives responsible in any way for same. 

















SITUATIONS VACANT 


FISONS Limited have a vacancy at their 
Levington Research Station for a Junior 
Mechanical Draughtsman. Applicants should 
have served a five-year indentured engineering 
apprenticeship and have experience on proto- 
type instrument equipment and mechanical 
detail drawings. Age 20 to 25. Pension 
scheme, five-day week, canteen and transport 
facilities. Applications to Accountant- 
Secretary, Levington Research Station, Leving- 
ton, Ipswich, Suffolk. 





INSTRUMENT APPLICATION 
ENGINEER 


required by leading Process Control 
Company to work in their Manchester 
office. Initial training period in 
London. Good salary paid to man 
experienced in Pneumatic/Electronic 
Process Control field. 

All replies will be treated in strict 
confidence. 

Apply to Box 707. 








Rhoanglo Mine Services Limited 
Northern Rhodesia 
INSTRUMENT ENGINEERS 


An EXPERIMENTAL ASSISTANT is 
required by the Instrumentation Division 
of Rhoanglo Mine Services Limited, 
Kitwe, Northern Rhodesia. 

Applicants should have either A.T.C. II 
or H.N.C., with considerable experience 
in industrial instrumentation, intimate 
knowledge of pneumatically-operated 
control systems, and working knowledge 
of electrical and electronic types of auto- 
matic control. Some machine shop 
experience is essential. The successful 
applicant would be engaged in the 
development of new _ instrumentation 
techniques. 

Basic salary would be in the range 
£96 Ils. 9d. to £120 13s. 6d. per month 
according to experience and qualifications. 
In addition a variable cost-of-living allow- 
ance (at present £5 12s. 8d. per month) 
and a variable metal bonus are payable. 

In addition, there are generous leave, 
pension and medical benefits. Housing, 
complete with basic heavy furniture, is 
available at a nominal rent. 

Replies, stating age, marital status, 
qualifications and experience -ecord, 
together the names of two referees, should 
be addressed to: 

The Secretaries, 
Rhoanglo Mines Services Limited, 
P.O. Box 172, Kitwe, 
Northern Rhodesia. 


CMITHS AIRCRAFT INSTRUMENT DIVISION 


have vacancies for 


SENIOR AND JUNIOR 
ENGINEERS 


to work on major projects in the field of 
inertial navigation and associated systems. 
Age group: Senior Engineers—30-35 years; 
Junior Engineers—25-35 years. It may be 
necessary in certain cases to make short term 
visits to Australia. 


. For design and development work on: 


(a) Precision h 
Ref. No. 1/MD 
(b) Gyroscopes, gyroscopic devices, and 
stabilised platforms Ref. No. 2/SMi 


(c) Electronic devices for computing 
applications Ref. No. 3/RCG 


. For calibration of mechanical and 
electrical test equipment 
Ref. No. 4/TS 





Candidates for design and development posts 
are expected to have a University degree and/ 
or H.N.C., although proof of outstanding 
practical ability may be accepted in lieu of 
academic qualifications. A knowledge of air- 
craft and G.W. instrument practice advan- 
tageous. Salaries commensurate with qualifi- 
cations and experience. 


Write for application forms to:— 
Divisional Personnel Manager, 
S. SMITH & SONS (ENGLAND) LTD., 


Bishop’s Cleeve, 
Nr. Cheltenham, Glos. 


quoting appropriate reference 














Sellafield, 
Seascale, 


Thurso, 
Caithness, 
Scotland. 
Chapelcross Works, 
Annan. 
Dumfriesshire. 
Scotland. 


given to successful applicants. 


Applications to:— 





Cumberland. 
Dounreay Experimental Reactor Establishment, 


ELECTRONIC MECHANICS 
are required by the 
UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
(Industrial Group) 


for 
Windscale and Calder Works, 


Applications are invited from experienced men with a knowledge of electronic equip- 
ment for fault diagnosis, repair and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. This interesting work involves 
the maintenance of instruments usiag pulse techniques, wide band and noise amplifiers, 
pulse amplitude analysers, counting circuits and television. 

Men with Services, Industrial or Commercial background of Radar, Radio or Television, 
are invited to write for further information. Training in our Instrument School will be 


There are accommodation, housing and lodging allowance arrangements. 


The Works Labour Manager 
(at the appropriate Works address) 








ALBRIGHT & WILSON (MFG.) LTD. 
require an Instrument Foreman at their 
factory at Oldbury. Duties include mainten- 
ance of instruments throughout the factory and 
supervision of the instrument workshop. 
Candidates should be of O.N.C. level or 
equivalent and have sound instrument 
experience. Age range 30-50. 

The company operates non-contributory 
pension and insurance schemes. House pur- 
chase facilities are also available. 

Applications, stating briefly age, qualifica- 
tions and experience, should be addressed to 
the Staff Officer (Ref. 535), Albright & Wilson 
(Mfg.) Ltd., P.O. Box 3, Oldbury, near 
Birmingham. 


SERVICES AVAILABLE 


GEARS FOR INSTRUMENTS mass pro- 
duced to customers’ own requirements by 
specialists. THE DAVALL GEAR Co. LtD., Gear 
Works, High Street, Potters Bar, Middlesex. 
Telephone: Potters Bar 2382-3. 


[NSTRUMENT REPAIRS LTD. overhau 
and recalibrate all types and makes of 
ammeters, voltmeters, wattmeters, etc. Prompt 
and efficient service. 10 Amwell Street, 
Rosebery Avenue. London, E.C.1. Telephone: 
Terminus 2471-2. And at Salisbury, Wilts. 


MACHINE ENGRAVED SCALES, Feed 
Dials, Panels, Labels, etc., in plastic 
and metal. Excellent delivery. O. H. Kampf 
& Co., Tanyard Works, Beaminster, Dorset. 
Telephone: minster 440. 
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MIRRORS re-silvered or re-aluminised 
promptly to very high standards at 
moderate prices. Front or back silvering 
including heat- resisting silvering, or surface 
aluminisin; New mirrors supplied. Over 50 
years’ experience of mirror manufacturing. 
GowLanps Ltp., Morland Road, Croydon. 
Telephone: Addiscombe 3011. 


PRECISION ENGRAVING of Instrument 
Panels, Dials, Scales, Nameplates, Labels, 
etc., Plastic Components, ‘“‘Perspex”’ fabrica- 
tions. Stockists of ‘“Perspex’’ acetate, 
Traffolyte, etc. Speedy deliveries on long or 
short runs. A.I.D. and A.R.B. approved. 
Leicester Engravers (Plastics) Ltd., 60 Edwyn 
Street, Leicester. Telephone: Leicester 58375. 


EDUCATIONAL 


AUTOMATION. Authoritative courses 
are now available in Digital and Analogue 
Computer Technology, Applied Electronics, 
Data Processing and Instrumentation up to 
professional level by home study. Individual 
enrolment or industrial group scheme enrol- 
ments accepted. Syllabuses and prospectus 
sent on request. Write (Dept. S.E.6), E.M.I. 
Institute’s School of Electronics, College 
House, Kensington, London, W.8. 





B.A SCREWSEr- 


SPENCER COMPONENTS 


5 High Street, Birmingham, 14 











DEVELOPMENT OF NEW PROJECTS 


Designing, Drawing, Detailing Prototypes. Small 
quantity manufacture. Special purpose machines. 
Instrument work a speciality. Inventions worked out 


A. RUNDLE (Upper Norwood) LTD. 


Micro Works, Stoney Lane, Church Road, 
Upper Norwood, London, S.E.19 
Enquiries and quotations invited 
Telephone: LiVingstone 4682 





iF IT ROTATES 
OR RECIPROCATES 
MECHANICALLY 
OR ELECTRICALLY 


COUNT ON 


co. LTD. 
Milltown Street, Radcliffe, Nr. Manchester. 
Telephone: RADcliffe 2675 
C.W. 5327 


-— SPINNINGS — 


IN ALL METALS 


Hydraulic and Flow Spinning Specialising 
for the Electronic and Instrument 
Industries. 

* 


Hydraulic Presswork 
Argonarc & Spot Welding 
* 
E. J. PURDIE & SON LTD. 


49-53 CORSICA STREET, HIGHBURY, N.5. 
Telephone: Canonbury 2128 




















STANLEY 














undertake high class 
Precision Engineering 


Complete Instruments 
or — 


Components 





Enquiries invited 
| (please quote reference |.P.1.) 


| W. F. STANLEY & Co., Limited, 
New Eltham, 
London, S.E.9. | 
(Phone:—ELTHAM 3836) 





-—MACHINE ENGRAVING— 
one off or small batches 

Indexing Dials and Scales divided. 

Instrument Components a Speciality. 


A. RUNDLE (Upper Norwood) LTD. 


Micro Works, Stoney Lane, Church Road, 
Upper Norwood, London, S.E.19 
Teleph : LIVingse 4682 














INSTRUMENT, WATCH AND CLOCK 
MATERIALS AND PRECISION TOOLS 


ay 
Pivot Steel | be ] 


Tweezers & Pliers nels 


Broaches Lathes 


Staking Sets 
Cleaning Machines 
Polystyrene Specimen Boxes 
ber for illustrated Catalogues and Price List) 

MORRIS (Clerkenwell) LTD. 
és Clerkenwell Road, London, €E.C.! 
Clerkenwell 6077 








LABORATORY STAINLESS STEEL 
EQUIPMENT & PROTOTYPES 


Manufactured to customers’ own requirements 


BOSS 


WELDING & ENGINEERING Co. Ltd. 
190 PENTONVILLE ROAD, LONDON, N.! 


Telephone: Terminus 3598 











CASE and COVER Specialists 


In the manufacture of Leather 
and Substitute Cases and 
Covers to fit Manufacturers’ 
own products. 


WE DESIGN TO GIVE EYE 
APPEAL COMBINED WITH 
PROTECTION & USEFULNESS 


Send us your problems to solve 


Cc. S. LINDSEY LTD. 


67-73 MARLBOROUGH GROVE, S.E.1. 








SPECIFY DARTON 
TRADE —~<Oi-= 


You will find this trade mark in practically 
every science laboratory in this country 


F. DARTON & CO. LTD. 
WATFORD, HERTS. 


If you require a 


THERMOGRAPH 
HYGROGRAPH 
BAROGRAPH 

HYGROMETER 
BAROMETER 
MANOMETER 
or ALTIMETER 
CALIBRATOR 





—f)\-= 
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aWw © @ —\ INSTRUMENTS 


Complete flexibility in panel design is made 
possible by the Weston range of ‘‘miniatures” 
which includes round, rectangular and edgewise P 
models. Round models are housed in cases of ss 
2”, 24” and 34” diameter... or, to harmonise F =, Sean 
with rectangular panels, the rectangular type is 
available, giving an increase in scale length of 
approximately 50°,, over the equivalent round 
models. Horizontal edgewise instruments are 
available with scale lengths of 2}” and 3}’. 
Moving iron, moving coil, a.c. rectifier and 
h.f. thermocouple models are offered—all with 
the accepted Weston qualities of accuracy and 
reliability. 
Full particulars are to be found in leaflets— 
Lists Nos. W1, W2, W3 and W4, copies of 
which are available on request. 


SANGAMO WESTON LTD - ENFIELD - MIDDLESEX 


Tel: ENField 3434 (6 lines) and 1242 (6 lines) Grams: Sanwest, Enfield 


Scottish Factory : Port Glasgow, Renfrewshire, Port Glasgow 41151 - Branches : London, CHAncery 4971 - Glasgow, Central 6208 
Manchester, Central 7904 - Newcastle-upon-Tyne, Newcastle 26867 +» Leeds, Leeds 30867 - Liverpool, Central 0230 - Wolverhampton, 
Wolverhampton 21912 - Nottingham, Nottingham 42403 - Bristol, Bristol 21781 - Southampton, So’ton 23328 


Sw/68 








A Course in Industrial Instrument Technology 
by 
J. T. MILLER, 


B.Sc., F.Inst.P. 


This Course, which appeared originally as a serial in the technical journal, /nstrument Practice, is the first of its kind 
to be published from British sources. 


So great has been the demand for reprints of Mr. Miller’s Course in Industrial Instrument Technology that the supply 
was soon exhausted, and a more convenient new edition, produced by the photolitho process, and bound in stout 
paper covers is now available. 
Contents 
I Basic Elements or Mechanisms. X Electrical Methods. 
II Diaphragms. XI Electrical Methods (continued): Resistance Ther- 
III U-Tube Manometers. mometers. 
IV Flow Metering Elements for Fluids in Pipes. XII Radiation Temperature Measuring Instruments. 
V Flow Metering Elements for Fluids in Pipes XIII Humidity Measurement. 
(continued). XIV Industrial Electronic Instruments for the 
VI Measuring Instruments for Differential Flow Measurement (and control) of Temperature, 
Elements. Pressure, Flow, etc. 
Flow Measurement: Integration from Differen- XV__ Electronic Instruments (continued). 
tial Pressure Instruments. XVI Automatic Control. 
Area Meters: Rotameters and Flowrators. XVIL Automatic Control (continued). 
Anemometers, Electrical Flow Meters and XVIII Automatic Control (concluded). 
Quantity Meters. 


Price 20/- (post free) 


UNITED TRADE PRESS LTD., 9 GOUGH SQUARE, LONDON, E.C.4 
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REQUIRE 




















HAND CONTROL P % 
¢ 











¢ 
| 
‘ARIC’ CONTROL a S 






































All mechanical 
No electrics 
Safe in hazardous areas 


Instantly adjustable 
control point 


Positive fuel economy 


Guaranteed for two years 


ACCURATE RECORDING INSTRUMENT CO. 
WINDSOR AVENUE MERTON swig LiBerty $661/2/3 


. 
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whatever 
the tube . . 





... there’sa 
“WADE” to join it 





Copper .... plastic .... 
copper and plastic, it makes 
no difference to us. We 
design couplings for all kinds 
of tubing—with straight, tee 
or elbow fittings in sizes to 
suit most people. 


PLASTIC & COPPER 


for a perfect 


WADE 
Coupling & 


MARTEN HOUSE, 37/49 East Rd., London, N.1. Clerkenwell 2534/5 


joint use 





Designed to 
customers’ requirements 


orifice 0-04 in. upwards 
* 

any pressure or vacuum 
* 


normally open, normally closed, 

or three-way 

* 
direct acting or relay acting 

* 

up to 300° C. 
* 

standard, flameproof or intrinsically safe. 


We invite you to discuss your 
problems with us 


ECTRO- 


a L 
Se Gy YDRAULICS LTD 


WARRINGTON 


Phone Warrington 35241 


Member of the 
Owen Organisation 


Circle 76 for further information 
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ACID-PROOF VESSELS 


Makers of acid-proof vessels of all types. 

Speciality: Cells for experimental purposes 

involving optical work of any accuracy. 
Write for illustrated list 


Ilford Optical Works, FOREST RD., BARKINGSIDE, ESSEX 


Hainault 5454/5 
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CUSTOM MADE 
PRECISION GLASS MOULDINGS 
5 TO 2 DIAMETER 


PHE ENGLISH GLASS CO.LTD 


EMPIRE ROAD, LEICESTER 


—" 


NEGO 
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Manometerss 


PRESSURE, VACUUM & DIFFERENTIAL 


* Single or Double Column 
* ‘U’ Tube 
* Water, Oil or Mercury fillings 


* Brass, steel or stainless stee/ 
fittings 


* Ranges 0/3” to 0/48’ 


SPECIAL RANGES AND FILLING 
TO ORDER 


Thermometers 






MERCURY-IN-STEEL . .. VAPOUR PRESSURE 
.. BIMETALLIC TEMPERATURE INDICATORS 


@ DIRECT MOUNTING 
@ DISTANCE READING 
@ CONTROL 

@ RECORDING 


All types of Laboratory Thermometers 


G. H. ZEAL LTD. 


LOMBARD RD., MORDEN RD., LONDON, S.W.I9 
Phone: LIBERTY 2283-6 Grams: ZEALDOM, SOUPHONE, LONDON 
























RECORDING CHARTS 


MEET THE MOST 


EXACTING DEMANDS 
OF 
MODERN SCIENCE 
AND 


INDUSTRY 








RECORDER CHARTS LTD. 


THE CHART DIVISION OF THE INSTRUMENT INDUSTRY 


Clyde Vale, Dartmouth Road. London. S.E. 23. 
TEL FOR. 7624/5. TELEGRAMS. VERIGRAPH, FOREST. LONDON 
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CLASSIFIED 
ADVERTISEMENT 


If you want to emphasise your firm’s services or 
equipment; if you wish to advertise a vacant situa- 
tion, buy or sell equipment, the Classified Advertise- 
ment columns of “INSTRUMENT PRACTICE”’ will 
prove a valuable medjum for your announcement— 
and bring results quickly. 


SITUATIONS WANTED —- 4d. per word, minimum 6/- 
SITUATIONS VACANT - 6d. per word, minimum 10/- 
CAPACITIES AVAILABLE- 6d. per word, minimum 10/- 
SERVICES AVAILABLE -—- 6d. per word, minimum 10/- 
BUSINESS OPPORTUNITIES 6d. per word, minimum 10/— 


Rates for other advertisements may be had on applica- 
tion to: 


Classified Advertisement Dept., 
INSTRUMENT PRACTICE 
9 Gough Square, London, E.C.4 
Telephone: Fieet Street 3172 














Circle 81 for further information 


234 INSTRUMENT PRACTICE FEBRUARY 1959 


FEBR 


NG 


URE 
ORS 


rs 


v.19 
DON 


i- 
De 
I 


O- 





ation 


959 





Acru Electric Tool Manufacturing Co. Led., The 
Accurate Recording Instrument Co. 

Advance Components Ltd. 3 

Alexander Controls Led. 

Armstrong Whitworth Aircraft Ltd., Sir W. G. 
Arrow Electric Switches Ltd. 

Avo Ltd. : ; 


Bailey Meters & Controls Led. 
Bamford & Co. Ltd 
Barr & Stroud Led. 


Beck Led., R. & J. 
Sperone” & Sons Ltd., J. 
B.0.A.C. 


Bough & Co. Ltd., FS. 

British Nylon Spinners Led. . ‘ 
British Rototherm Co. Ltd., The . 
British Sonceboz Co. Ltd. : 
Bryans Aeroquipment Ltd. 
Budenberg Gauge Co. Ltd. 


Chance Bros. Ltd. (Veridia) 
Chance-Pilkington Optical Works 
Classified Advertisements 


Comoy Plastics & Insulations Division of H. Comoy & Co. Ltd. 


Coley Thermometers Ltd. 

Constructors John Brown Ltd. 

Counting Instruments Ltd. 

Crosby Valve & Engineering ‘Co. Ltd., The 


Dalimeyer Led., J. H. 
Darton & Co. Ltd., F. 
Drayton Regulator & Instrument Co. Ltd., The 
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Electrical Engineers (A. 2: E.E. ) Exhibition 


Electronic Components 
English Electric Co. Ltd., The 
English Glass Co. Led., The . 
Ericsson Telephones Ltd. 
Ether Ltd 

Evershed & Vignoles Ltd. 


Firth Cleveland Instruments Ltd. 


Fox Led., P. 
Foxboro-Yoxall Led. 


Gas Council 
Gambrell Bros. & Co. Ltd. 
Gowllands Ltd. 


Hallam, Sleigh & Cheston Ltd. 
Harwin Engineers Ltd.. 
Hendrey Relays Ltd. 

Hilger & Watts Ltd. . 
Hoffmann Mfg. Co. Ltd., The 
Honeywell Controls Ltd. 


Hutcheon Duthie & Son ‘Led., 


1.D.M. Electronics Ltd.. 
Imhof Led., Alfred ; 
Integra, Leeds & Northrup Ltd. 


Johnson, Matthey & Co. Ltd. 
Jones & Co. Ltd., Samuel 


K.D.G. Instruments Ltd. 
Kent Ltd., George . 
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\ W.F.STANLEY & Co. LIMITED 


N Phone: ELTham 3836 Grams: “Turnstile, Souphone’’ London 52 Bothwell Street, Glasgow, 


NEW 


ELTHAM, 


STANLEY 


Planimeters 


Send for Catalogue No. IP58 | 


and 


tell us your requirements 


Head Office: 


Head Showrooms: 
70-80 High Holborn, 


Branches: 


13 Railway Approach, London Bridge, S.E.! 
C.2 





LONDON, 5.E.9 


London, W.C.! 


annual 





— in ‘ 


— 
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HIGH RESOLUTION 


RECORDING BECK 
A.R.L. ree ‘E? OPTICAL BENCHES 


THIS INSTRUMENT WILL RECORD. 
FOR ANALYSIS TO 1%, 50 C.P.S. 
oe High grade optical benches with a 
FILM 35 MM. PERFORATED OR wide range of apparatus. Suitable for 
UNPERFORATED. ; 

CAPACITY 30 FT. demonstrations of image formation 
9/10 CHANNELS. P 

DATUM TRACE. by lenses and mirrors, focal length 
TIME MARKER. determinations, interference and dif- 


TRACE IDENTIFICATION BY ‘ : : 
TRACE BREAK OR COLOUR FILM. fraction experiments, demonstration 


D.C. P.M. MOTOR 3 - 75 VOLTS. f d nal 
5 SPEEDS, }” TO 8”/SEC. of compound optical systems, spectro- 
SELF OPENING DAYLIGHT ; i : a 
= oes scopy with prisms and diffraction 
FOOTAGE INDICATOR. gratings, etc. 

SPOT SETTING GRATICULE. 
A.R.L. MIDGET GALVANOMETER. Full catalogue on application. 
NATURAL FREQUENCY RANGE 

60, 100, 108, 125, 250 C.P.s. 


ACCESSORY NEON EVENT 
MARKER 
SIZE 84” x 44° x 23’. 


WEIGHT 73 LBS. ‘ R. * j. BECK, LTD. 


WOODHILL ENGINEERING CO. LID., 69-71 Mortimer Street, London, W.! 


TROUT ROAD, /YIEWSLEY, MIDDLESEX 
TELEPHONE: WEST DRAYTON 3168 & 2892 
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